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ABSTRACT
Context. Information about the spin state of asteroids is important for our understanding of the dynamical processes affecting them.
However, spin properties of asteroids are known for only a small fraction of the whole population.
Aims. To enlarge the sample of asteroids with a known rotation state and basic shape properties, we combined sparse-in-time pho-
tometry from the Lowell Observatory Database with flux measurements from NASA’s WISE satellite.
Methods. We applied the light curve inversion method to the combined data. The thermal infrared data from WISE were treated as
reflected light because the shapes of thermal and visual light curves are similar enough for our purposes. While sparse data cover
a wide range of geometries over many years, WISE data typically cover an interval of tens of hours, which is comparable to the
typical rotation period of asteroids. The search for best-fitting models was done in the framework of the Asteroids@home distributed
computing project.
Results. By processing the data for almost 75,000 asteroids, we derived unique shape models for about 900 of them. Some of them
were already available in the DAMIT database and served us as a consistency check of our approach. In total, we derived new models
for 662 asteroids, which significantly increased the total number of asteroids for which their rotation state and shape are known.
For another 789 asteroids, we were able to determine their sidereal rotation period and estimate the ecliptic latitude of the spin axis
direction. We studied the distribution of spins in the asteroid population. Apart from updating the statistics for the dependence of
the distribution on asteroid size, we revealed a significant discrepancy between the number of prograde and retrograde rotators for
asteroids smaller than about 10 km.
Conclusions. Combining optical photometry with thermal infrared light curves is an efficient approach to obtaining new physical
models of asteroids. The amount of asteroid photometry is continuously growing and joint inversion of data from different surveys
could lead to thousands of new models in the near future.
Key words. Minor planets, asteroids: general, Methods: data analysis, Techniques: photometric
1. Introduction
The spin state and shape are among the basic physical charac-
teristics of asteroids. The knowledge of these characteristics can
help us to understand dynamical processes, such as collisions
(Bottke et al. 2015), thermal effects (Vokrouhlický et al. 2015),
and rotational disruption (Walsh & Jacobson 2015), for exam-
ple, that have been affecting the distribution of spins and shapes
in the main asteroid belt. The spin and shape properties can be
reconstructed from photometric disk-integrated measurements if
the target is observed at a sufficiently wide range of geometries
(Kaasalainen et al. 2002).
The number of asteroid models reconstructed from pho-
tometry has been rapidly increasing due to the availability of
a robust and fast inversion technique (Kaasalainen & Torppa
2001) and a growing archive of photometric data (Warner et al.
2009; Oszkiewicz et al. 2011). The reliability of models de-
rived from photometry was confirmed by independent meth-
ods (Marchis et al. 2006; Keller et al. 2010; Dˇurech et al. 2011).
The main motivation for reconstructing more asteroid models
is (apart from detailed studies of individual targets of partic-
ular interest) the possibility to reveal how the spin states and
shapes are distributed in the asteroid population and which phys-
ical processes affect them (see Slivan et al. 2009; Hanuš et al.
2011, 2013a, 2018a; Kim et al. 2014, for example). We aim to
improve the statistics of the distribution of spins and shapes in
the asteroid population. New models can be derived not only
by collecting more new observations, but also just by process-
ing archival photometric observation of large surveys. This data-
mining approach was used by Hanuš et al. (2011, 2013b, 2016)
and Dˇurech et al. (2016), for example.
In terms of quantity, the largest sources of photometric data
are sparse-in-time measurements obtained by large sky surveys.
While the inversion of sparse data is essentially the same as
the inversion of dense light curves, a unique solution of the in-
verse problem can be found only for a small fraction of aster-
oids due to the high noise in the data. In anticipation of the
publication of more accurate data from Gaia or LSST, we have
already processed the available data, namely photometry from
astrometric surveys compiled in the Lowell Observatory photo-
metric database (Oszkiewicz et al. 2011; Dˇurech et al. 2016). As
the next step, in this paper we derive hundreds of new asteroid
models using the Lowell photometric database in combination
with thermal infrared data observed by the Wide-field Infrared
Survey Explorer (WISE, Wright et al. 2010) and retrieved, vet-
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ted and archived in the framework of the NEOWISE survey
(Mainzer et al. 2011).
2. Method
When processing the data, we proceeded the same way as
Hanuš et al. (2011). Then we applied the light curve inversion
method of Kaasalainen & Torppa (2001) to the data sets de-
scribed below (Sec. 2.2). The crucial task was to select only re-
liable solutions of the inverse problem.
2.1. Input data
We combined two photometric data sources: (i) sparse-in-time
brightness measurements in V filter from the Lowell Observa-
tory photometric database and (ii) thermal infrared data from the
NEOWISE survey.
The Lowell Observatory photometric database consists of
sparse-in-time photometry from 11 large sky surveys that was
re-calibrated to remove the most prominent systematic trends
(Oszkiewicz et al. 2011; Bowell et al. 2014). The data are avail-
able for more than 300,000 asteroids, with the number of points
per object ranging from tens to hundreds. The accuracy of pho-
tometry is around 0.15–0.2mag. Most of the measurements are
from the years 2000–2012.
The second source of data was the WISE catalog
(Wright et al. 2010; Mainzer et al. 2011). The observations were
made in four bands at 3.4, 4.6, 12, and 22µm, usually referred
to as W1, W2, W3, and W4 data. We retrieved the Level 1b data
from the WISE All-sky database by querying the IRSA/IPAC
service for each NEOWISE detection reported to and vetted
by the Minor Planet Center. We rejected all measurements po-
tentially affected by artefact contamination as flagged by the
WISEMoving Object Pipeline Subsystem (WMOPS, Cutri et al.
2012). Only measurements with quality flags A, B, or C, and
artefact flags 0, p, or P were accepted. More details about these
criteria can be found in Alí-Lagoa & Delbo’ (2017) and refer-
ences therein.
Thermal infrared data of asteroids such as W3 and W4
are typically used to derive their thermophysical properties
by means of a thermophysical model (see the review by
Delbo’ et al. 2015, for example). Although it would be, in prin-
ciple, possible to search for a unique model using the photome-
try and thermal data in a fully thermophysical approach – with
the method of Dˇurech et al. (2017), for example – this would
be, in practice, extremely time consuming when dealing with a
large number of objects. Instead, we used another approach that
we tested in Dˇurech et al. (2016), where we treated the WISE
thermal fluxes as reflected light. More specifically, we took the
data as relative light curves assuming that the shape of a visual
light curve is not very different from a light curve at thermal
wavelengths under the same observing geometry. This is true for
main-belt asteroids with typical values of thermal inertia (tens to
hundreds SI units) and rotation period (several hours or longer).
To further support the validity of the assumption of the sim-
ilarity between the optical and thermal light curves, we gener-
ated thermal light curves for several configurations; these are
compared in Fig. 1 to the optical light curve generated by a
standard ray-tracing algorithm. Our observing configuration and
thermal properties correspond to typical values expected for a
main-belt asteroid. Without loss of generality, we selected a
shape model of asteroid (15) Eunomia derived by Nathues et al.
(2005) as our referenced shape model. The observing geome-
try was the following: the asteroid was located at a heliocen-
tric distance of 2.5AU with the phase angle of 20◦ (this cor-
responds to a typical WISE observation of a main-belt aster-
oid), the sidereal rotation period was set to seven hours and
we observed the asteroid equator-on. To generate the thermal
light curve, we used the implementation of Delbo’ (2004) and
Delbo’ et al. (2007) of the thermophysical model (TPM) devel-
oped by Spencer et al. (1989), Spencer (1990), Lagerros (1996,
1997, 1998), and Emery et al. (1998). A detailed description
of the model can be found in Hanuš et al. (2015, 2018b). We
used two values of thermal inertia as input for the TPM: 50
and 200 Jm−2 s−1/2K−1. Such values are typical for main-belt as-
teroids (Hanuš et al. 2018b). Moreover, for each thermal inertia
value, we ran the TPM with three different degrees of the macro-
scopic roughness model θ. We parametrize θ by hemispherical
craters with an opening angle γc and an areal coverage ρc. Our
model includes no roughness (γc = 0, ρc = 0), medium rough-
ness (50, 0.5), and high roughness (90, 0.9). The TPM includes
additional parameters that we fixed to realistic values (abso-
lute magnitude, slope parameter, geometric visible albedo, Bond
albedo). As we study only the normalized thermal light curve,
the absolute size of the shape model is irrelevant. For generat-
ing the optical light curve, we used the combination of a single
Lomell-Seeliger and multiple Lambertian scattering laws in the
ray-tracing algorithm.
The majority of asteroid thermal infrared data from WISE
was obtained in the W3 and W4 channels, where asteroid ther-
mal emission dominates over most inertial sources. The thermal
light curves in W3 and W4 filters for all combinations of Γ and θ
are qualitatively consistent with the optical light curve (Fig. 1),
which justifies our use of the thermal light curves in filters W3
andW4 as if they were reflected light. We note that there are dif-
ferences between the optical and thermal light curves; mostly the
amplitudes of the thermal light curves are slightly larger than of
the optical light curve. On the other hand, the positions of min-
ima and maxima are consistent. As a result, the shape modeling
with the thermal data treated as a reflected light should provide
reliable rotation states, whereas the elongation of the shape mod-
els could be slightly overestimated. However, this effect seems
to be negligible because when we compared shape elongations
of our new models with those of models derived from only vi-
sual photometry, the difference was small and in the opposite
direction (see Sect. 3.1).
The thermal light curves of main belt asteroids in filters W1
and W2 differ more from the optical light curve than those in fil-
ters W3 and W4: the relative amplitudes are often significantly
larger and the minima and maxima are shifted with respect to
those of the optical light curve (see Fig. 1). Some of the thermal
light curves are not smooth; this is due to the internal numer-
ical limitations in the surface roughness implementation in the
TPM code. Fortunately, real data in filter W1 are almost always
dominated by the reflected component (see Fig. 2), meaning that
the small thermal contribution is not important for the overall
flux. The only exception are dark objects in the inner main belt,
but higher-albedo igneous asteroids are more numerous in this
region. The situation in filter W2 is more complicated as is illus-
trated in Fig. 2. The relative contributions of the thermal and re-
flected components to the total observed flux depend on the sur-
face temperature distribution, which is a complicated function of
the heliocentric distance, geometric visible albedo, shape, rota-
tion state, and so on. Depending on these parameters, the thermal
component in W2 can range from a few to almost one hundred
percent of the total flux. For the most common cases this fraction
is between 30 and 70%. Still, the thermal light curves are not too
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Fig. 1. Thermal (in WISE channels W1, W2, W3 and W4) and optical light curves generated for a shape model of asteroid 15 Eunomia and
different values of thermal inertia Γ and macroscopic surface roughness θ.
different from the optical one, so the total light curve composed
from reflected and emitted parts should not differ substantially
from the optical light curve. We note that most of the asteroids
for which observations are available in the W2 filter also have
data in W3 and W4 filters, which diminishes the role of the W2
data in the shape modeling. Moreover, the amount of data per-
taining to observations in W1 and/or W2 filters represents only
a few percent of the whole WISE All-sky catalog.
We also tested other values of thermal inertia, different input
shape models, and different observing geometries. In all cases,
we obtained a qualitative agreement with the conclusions above
based on the shape model of Eugenia.
2.2. Convex models
To find a physical model that fits the photometric data, we rep-
resented the shape by a convex polyhedron and used the light
curve inversion method of Kaasalainen & Torppa (2001). We as-
sumed that there was no albedo variation over the surface – this
assumption is necessary for the mathematical uniqueness of the
shape solution and is generally accepted because asteroids vis-
ited by spacecraft show only small surface albedo variations.
The rotation state was described by the sidereal rotation period
P and the ecliptic coordinates (λ, β) of the spin axis direction
(i.e., the pole). The search in the P, λ, β parameters space was
done the same way as in Dˇurech et al. (2016): we scanned the
2–100h interval of periods. For each trial period, we ran the
shape optimization with ten initial pole directions. These time-
consuming computations were performed using the distributed
computing project Asteroids@home (Dˇurech et al. 2015). The
whole interval of periods was divided into smaller intervals with
roughly similar computing requirements and these tasks were
distributed among volunteers participating in the project. Once
they returned all the results, we combined them into the final pe-
riodogram. Subsequently, we identified the globally best-fitting
solution and verified its reliability.
2.3. Ellipsoids
Similarly to Dˇurech et al. (2016), we also used an additional
shape parametrization to find the correct rotation period, namely
a model of a triaxial geometrically scattering ellipsoid. Given
the poor photometric accuracy of the data, this simple model
fits the data well enough to be efficiently used for the pe-
riod search. The shape was described by only two parameters
– semiaxes ratios a/c and b/c. Because the brightness can be
computed analytically in this case (Kaasalainen & Dˇurech 2007;
Ostro & Connelly 1984), this approach is approximately one
hundred times faster than modeling the shape as a convex poly-
hedron. Moreover, by setting a > b > c, where c is the axis of
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Fig. 2. Ratio of reflected to total flux in the WISE short-wavelength bands W1 (top row) and W2 (bottom row) vs. heliocentric distance predicted
by the NEATM for different values of visible geometric albedo (pV ), and beaming parameter (η) increasing from left to right. A typical value of 1.4
was chosen for the infrared relative reflectance or albedo ratio (RX ≡ pX/pV , with X=W1, W2; see, e.g., Alí-Lagoa et al. (2013) for more details).
All other things being equal, a higher η means a lower surface temperature and hence a higher reflected light contribution. For main-belt asteroids,
the average η-value is 1.0
rotation, the model automatically fulfills the condition that the
rotation is around the shortest axis with the maximum moment
of inertia. This condition cannot be easily fulfilled during the
period search with convex shapes, only checked ex post, so in
many cases convex models that formally fit the data should be
rejected because they are unrealistically elongated along the ro-
tation axis and such rotation would not be stable. However, the
three-dimensional (3D) shape reconstruction and inertia check
is done only for the best-fitting model. Therefore, in practice,
ellipsoidal models are more efficient in finding the correct rota-
tion period because convex models can formally fit the data with
an incorrect period with a nonphysical shape due to their flexi-
bility. After finding the best rotation period with the ellipsoidal
model, we switched back to convex shape representation for the
subsequent pole search.
2.4. Tests
Having the periodograms for each asteroid, the critical task was
to decide if the formally best solution with the lowest χ2 is in-
deed the correct solution, that is, whether the minimum in the
χ2 is significant, or just a random fluctuation. To decide this, we
performed a number of tests in almost exactly the same way as
in Dˇurech et al. (2016) when processing only Lowell data. The
only difference was that instead of having a fixed threshold of
5% for the χ2 increase χ2tr = 1.05 χ
2
min
, we computed the accep-
tance level for each asteroid individually according to the for-
mula χ2tr = (1 + 0.5
√
2/ν) χ2
min
. This is nothing more than an
empirical prescription to take into account the number of mea-
surements (ν is the number of degrees of freedom, i.e., the dif-
ference between the number of data points and the number of
parameters). In our case, we have three parameters for the spin
state, three parameters to fit the photometric phase function, and
(n + 1)2 shape parameters with convex shapes or two parame-
ters for ellipsoids. With convex shapes, n is the degree and order
of the spherical harmonics expansion (Kaasalainen et al. 2001).
The empirical formula for χ2tr is related to the fact that the χ
2
distribution with ν degrees of freedom has mean ν and variance
2ν, so the formal 1σ interval for a normalized χ2/ν is 1 ± √2/ν.
The multiplicative factor 1/2 is an adjustment without which the
threshold would be too high and the number of unique models
too low. For comparison, the 5% level used in our previous anal-
ysis now corresponds to ν = 200.
Here we summarize the steps that we took to select the final
models. These steps are essentially the same as those of our pre-
vious analysis in Dˇurech et al. (2016) so we leave out the details;
they are shown in a flow chart in Fig. 3.
1. The period interval 2–100 h was scanned independently with
convex models with two shape resolutions n = 3 and n = 6
and with ellipsoids.
2. For each periodogram, we found the period with the lowest
χ2
min
. We defined this period as unique if all other periods out-
side the uncertainty interval had χ2 higher than the threshold
χ2tr defined above.
3. The unique periods for two different resolutions of the con-
vex model had to be the same within the error interval.
4. If the unique periodwas longer than 50 h, we checked if there
is no deeper minimum for periods that were longer than the
original interval of 2–100 h: we ran the period search again
with an interval of 100–1000h.
5. If there were more than two pole solutions defined again by
the χ2tr, we reported such models as partial if they had con-
strained β (see Sect. 3.3).
6. If there were two possible poles, the difference in β had to be
smaller than 50◦ and the difference in λ 120–240◦ – this cor-
responds to the λ±180◦ ambiguity for observations restricted
to regions near the ecliptic plane (Kaasalainen & Lamberg
2006).
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Fig. 3. Steps in the processing pipeline that selects reliable solutions
only.
7. Check if the rotation is along the shortest axis.
8. Visual check of the fit, residuals, and the shape.
3. Results
By processing data for all ∼ 75, 000 asteroids for which we
had enough observations, we ended up with 908 reconstructed
unique models. Out of these, 246 were already known from in-
version of other data and served as an independent check of re-
liability and error estimation. The efficiency is low because of
poor photometric accuracy of sparse photometry, but still sig-
nificantly higher than when processing Lowell sparse data alone
(Dˇurech et al. 2016).
3.1. Comparison with independent models
The models of 246 asteroids that were already reconstructed
from other data – not necessarily fully independent because
many of them were based on Lowell sparse data (Dˇurech et al.
2016) – and made available through the Database of Asteroid
Models from Inversion Techniques (DAMIT, Dˇurech et al. 2010)
were used for various tests. We used this subset mainly to check
the frequency of false positive results. Out of 246 models, five
had periods that were slightly different from published values.
The two different periods corresponded to different local min-
ima; the relative difference between periods was of the order of
only 10−4, but in most cases two slightly different periods led
to largely different pole directions. Periods for four other as-
teroids were completely different. In the remaining 237 cases,
the period was determined correctly (or at least in agreement
with the DAMIT value) and for such cases the difference be-
tween the poles was mainly less than 30◦, with only a few cases
having a pole difference up to 60◦. The distribution of pole dif-
ferences was similar to that presented by Dˇurech et al. (2016).
The mean pole difference was 12◦ and the median value was 9◦.
We also compared the semiaxis ratios a/b and b/c (computed
from a dynamically equivalent ellipsoid) of our models and those
in DAMIT. The mean value of (a/b)DAMIT/(a/b)our was about
1.06 with a standard deviation of 0.13. For (b/c)DAMIT/(b/c)our,
the mean value was also 1.06, while the standard deviation was
higher: 0.18. Therefore, on average, our models are slightly less
elongated than their counterparts in DAMIT.
This test showed us that, with the current setup, the majority
of models we derive are “correct” in the sense that they agree
with models based on different data sets often containing mainly
dense light curves. The number of false positive solutions is a
few percent. We expect that the number of incorrect period/pole
solutions among the newmodels in the following section is about
the same, that is, a few percent.
3.2. New models
In total, we derived newmodels for 662 asteroids (169 using con-
vex shape period search, 513 using ellipsoids, and 20 overlap-
ping). These models and their parameters are listed in Table A.1.
All models are available in DAMIT, from where not only the
shape and spin can be downloaded but also all data points that
were used for the inversion.
We compared the derived sidereal rotation periods P with
those reported in the Asteroid Lightcurve Database (LCDB) of
Warner et al. (2009); version from November 12, 2017. In most
cases, they agreed, which can be taken as another independent
verification of the reliability of the model. In some cases how-
ever, the periods were different and we checked again if this was
likely due to an erroneous model or an incorrect period in the
LCDB. In only one case was it clear that our model was wrong –
we rejected asteroid (227) Philosophia from the list of our results
because our period was not consistent with dense light curves
(Marciniak et al. 2018). For other cases that were not consistent
with LCDB, we checked the LCDB entries and sometimes con-
cluded that the LCDB period is likely wrong because it was not
supported by enough quality light curves (usually the uncertainty
code was < 2). In other cases, both the LCDB entry and our
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can be rejected.
model looked right and we were not able to decide if our model
or the LCDB entry was wrong – these cases are marked with an
asterisk in Table A.1.
3.3. Partial models
Apart from the models described above, we also derived 789 so-
called partial models (Hanuš et al. 2011). These are asteroids for
which the rotation period was determined uniquely but for which
there were more than two possible pole solutions satisfying the
χ2tr criterion. Although we do not take such results as unique so-
lutions of the inverse problem, they still carry important infor-
mation about the rotation state. In these cases, there are more
than two pole solutions that fit the data equally well, but are usu-
ally not distributed randomly. On the contrary, their β values are
often limited to one hemisphere, clearly distinguishing between
prograde and retrograde rotation. This is a valuable constraint
that can be used in the analysis of the spin axes distribution in
the following section.
These partial models are listed in Table A.2. Because the pole
direction is not known, we list the mean pole latitude β of all
acceptable solutions and their dispersion ∆ defined as |βmax −
βmin|/2. We list only such asteroids for which the β values were
limited within 50◦, so ∆ ≤ 25◦. We also individually checked
those asteroids for which our period was different from that in
LCDB. For some of them, we concluded that the LCDB period
was not reliable; for others the LCDB period seemed reliable but
so did ourmodel, so wemarked such inconsistent modelswith an
asterisk in Table A.2. We rejected asteroid (6199) Yoshiokayayoi
because it was in strong disagreement with reliable LCDB data
and was likely a false positive solution in our sample.
4. Spin distribution
The new models we derived significantly increased the total
number of asteroids for which the spin orientation is known. Al-
though there are also other sources of asteroid models and spin
parameters (the radar models, see, e.g., Benner et al. 2015), we
limited our analysis to models fromDAMIT and the new models
we derived here. DAMIT contains models for 943 asteroids (as
of January 2018), so the total number of available models is now
∼ 1600. There are other 789 partial models, which means that
the total number of asteroids for which we have at least some
information about the spin axis direction is ∼ 2400.
In what follows, we concentrate on the analysis of how the
spin ecliptic latitude β is distributed in the population. Other
physical parameters like the shape or the rotation period are
likely to be biased by the selection effects – elongated asteroids
are more likely to be successfully modeled than spheroidal as-
teroids because they have larger light curve amplitudes and their
signal is not lost in the noise (Marciniak et al. 2018). To draw
any reliable conclusions about the distribution of the shapes or
periods, we would need to carefully de-bias our sample, which
is outside the scope of this paper. On the other hand, if there was
any bias affecting β, it should be symmetric with respect to ±β
and not dependent on the size, so we can readily examine and
interpret the latitude distribution.
The β values are related to the ecliptic plane. However, a
more “physical” value is the pole obliquity γ, defined as the an-
gle between the spin axis and the direction perpendicular to the
orbital plane. The conversion between these two parameters is
trivial for zero orbital inclination because in this case γ = 90◦−β
and the prograde/retrograde rotation exactly corresponds to the
sign of β. For nonzero inclination, the conversion depends also
on the ecliptic longitude λ of the pole and on the orbital ele-
ments I (inclination) and Ω (longitude of the ascending node).
Because λ is not known for partial models, we assume the sim-
ple zero inclination conversion. For full models, there are often
two possible pole solutions with, in general, different β and also
γ values. Averaging γ or β values of two models would lead to
smearing of the extreme values, so for the following plots we
randomly selected one of them with the corresponding β. For
partial models, the value of β in the plots is taken as an arith-
metic mean of the values for all acceptable poles. The orbital
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elements were taken from the AstOrb1 database, the diameters
were mainly from the NEOWISE database (Mainzer et al. 2011)
with some values taken also from Akari (Usui et al. 2011) and
IRAS (Tedesco et al. 2004) catalogs.
4.1. Pole latitude versus size
The distribution of the pole latitude β for main-belt asteroids as
a function of asteroid size is shown in Fig. 4. The distribution
is strongly bimodal for asteroids smaller than 20–30 km, which
can be satisfactorily explained as an effect of a YORP-driven
evolution (Hanuš et al. 2011, 2013b). Due to the YORP effect,
small asteroids evolve towards the extreme values of obliquity.
In the lower panel of Fig. 4, we show the fraction Np/Ntotal
of the number of prograde (β > 0) rotators in a running box
over Ntotal = 100 asteroids as a function of size. For asteroids
larger than 100 km, the number of prograde rotators is statisti-
cally higher (Np = 68, Ntotal = 108, probability of the null hy-
pothesis that Np = Ntotal/2 is p ≃ 0.7% assuming binomial dis-
tribution) in accordance with the model of Johansen & Lacerda
(2010) who suggested that the preferentially prograde rotation of
large asteroids is a result of accretion of pebbles on planetesimals
in a gaseous environment. On the other hand, for asteroids in
the size range 1–10km, there is an excess of retrograde rotators
(Np = 520, Ntotal = 1276, p ≃ 2 × 10−11). For asteroids between
10 and 100 km, the number of prograde and retrograde rotators
is statistically the same (Np = 441, Ntotal = 919, p ≃ 22%).
Because most asteroids smaller than about 30 km have large ab-
solute values of β, the prograde/retrograde analysis is not sen-
sitive to asteroids with |β| < 30◦. The ratio is almost the same
even if we restrict ourselves to |β| > 30◦ where the distinction
between prograde and retrograde rotation is unambiguous even
for nonzero inclination. This is not true for asteroids larger than
100 km, where for |β| > 30◦ we have Np = 34, Ntotal = 55, and
p ≃ 8%.
The excess of small retrograde rotators in Fig. 4 is statisti-
cally significant, however, it is not clear if the reconstructed dis-
tribution of β is the same as the real one. Although we are not
aware of any bias in the observations or the method that could
cause the asymmetry in ±β, there could still be some nontrivial
systematic effect that we have not taken into account.
4.2. Pole latitude distribution across the main belt
The distribution of pole latitude β is not only dependent on the
size, but also on the proper semimajor axis, namely on the prox-
imity to resonances. For asteroids in a collisional family, β de-
pends on the relative position with respect to the center of the
family. The color-coded distribution of β across the main belt
is shown in Fig. 5. Similarly to how the YORP effect is re-
sponsible for clustering of poles around extreme values of obliq-
uity for small asteroids, fingerprints of the Yarkovsky effect are
clearly visible in some asteroid families (e.g., Eunomia, Koronis,
Eos, and Themis) where retrograde family members are concen-
trated to the left (smaller semimajor axis a) of the family cen-
ter while prograde are concentrated to the right (larger a). This
is shown as a color dichotomy in Fig. 5b and is in agreement
with the theoretical prediction that prograde rotators migrate
to a higher semimajor axis, the opposite to retrograde rotators
(Vokrouhlický et al. 2015; Hanuš et al. 2013a, 2018a). The ex-
cess of retrograde rotators in the right “wing” of the Flora family
might be caused by contamination with Baptistina family mem-
1 ftp://ftp.lowell.edu/pub/elgb/astorb.html
bers (Mothé-Diniz et al. 2005; Bottke et al. 2007). However, any
detailed check of family membership or a deeper study of the
distribution of spins in families are outside the scope of this pa-
per.
Another correlation that we can see in Fig. 5 is the one be-
tween the sense of rotation and the location with respect to the
mean-motion and secular resonances. As shown by Hanuš et al.
(2011), an area to the left of a resonance contains more prograde
rotators because they move towards the resonance and become
scattered with only a small probability of crossing the resonance.
For the same reason, there are more retrograde rotators to the
right of the resonance. This separation due to resonances can be
seen in Fig. 5c. In Fig. 5d, we plot the running mean of β over
20 asteroids as a function of a. We can see a general behavior
that to the left of a resonance the mean β is high, meaning more
prograde rotators. To the right of a resonance it drops to negative
values meaning retrograde rotation. At the inner end of the main
belt, the ν6 resonance cuts the belt and this area contains mainly
retrograde rotators. At the opposite end, the 2:1 mean-motion
resonance defines the edge and this area is populated mainly by
prograde rotators.
Finally, there are also other features in Fig. 5 that seem to
be significant but for which we have no simple explanation.
Namely, these are the excess of prograde rotators at ∼ 2.24AU
and the excess of retrograde rotators at 3.10AU. The former
might be related to the proximity to the inner edge of the main
belt and the ν6 resonance. The latter might be directly related
to the 9:4 resonance, which filters out prograde rotators to the
right of the resonance. All prograde rotators between 9:4 reso-
nance and 3.1AU might be Eos family members, some of them
not identified as belonging to the family.
5. Conclusions
The combination of optical photometry with thermal data turned
out to be an efficient way to enlarge the sample of asteroids with
shape models and spin parameters. Although the success rate of
deriving a unique physical model from Lowell and WISE data is
low, and the derived models are probably a very biased sample of
the whole population (there is a strong bias in favor of elongated
asteroids – their light curve amplitude is larger and the signal
is less likely to be lost in the noise than for spherical objects),
the asymmetry and anisotropy of the pole latitude β correspond-
ing roughly to the difference between prograde and retrograde
rotation seems to be significant.
The potential of this kind of data mining is really huge, be-
cause apart from the continuously growing number of asteroid
light curves, data from other surveys like ATLAS, PTF, Gaia, or
LSST are or will become available.
With the models we derive here, the next step could be the
derivation of thermophysical parameters in the same way as by
Hanuš et al. (2018b). We also plan to investigate in more detail
the rotation states in collisional families.
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Fig. 5. The distribution of pole latitude β for all models (a), asteroids in the largest families (b), and asteroids not in families (c). The bottom panel
(d) shows the running mean of β over 20 asteroids (all asteroids – black, without families – magenta). The dashed vertical lines mark the strongest
mean motion resonances.
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Table A.1. List of new asteroid models. For each asteroid, we list one or two pole
directions in the ecliptic coordinates (λ, β), the sidereal rotation period P, the ro-
tation period from LCDB PLCDB (if available) and its quality code U, the number
of sparse photometric data points N, the number of data points in WISE bands
W1–W4, and the method that was used to derive the rotation period: C – convex
inversion, E – ellipsoids, CE – both methods gave the same unique period. The
accuracy of the sidereal rotation period P is of the order of the last decimal place
given. For steroids marked with an asterisk, there is an inconsistency between P
and PLCDB.
Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
252 Clementina 121 46 307 59 10.86190 10.864 3 408 10 8 10 11 E
373 Melusina 19 −48 147 −61 12.98632 12.97 3 489 9 8 11 C
439 Ohio 39 −54 260 −30 37.4675 37.46 3 387 8 8 9 E
458 Hercynia 74 14 262 32 21.8136 21.806 3 427 12 12 12 E
462 Eriphyla 119 7 301 5 8.65890 8.659 3 323 9 8 10 9 E
558 Carmen 77 −35 254 −17 11.39324 11.387 3 553 23 23 21 27 E
568 Cheruskia 141 −2 13.20869 13.209 3 360 13 13 13 E
∗ 647 Adelgunde 39 −68 252 −67 98.097 32.202 3 380 10 7 15 13 C
651 Antikleia 79 53 20.2869 20.299 3 420 17 14 26 22 C
662 Newtonia 126 −56 324 −43 21.1062 21.095 3− 506 10 9 19 16 CE
721 Tabora 172 53 343 38 7.98121 7.982 3 434 7 7 E
761 Brendelia 209 −44 57.995 57.96 2+ 415 10 8 10 10 C
791 Ani 94 −25 269 4 11.16954 16.72 2 477 8 8 10 C
879 Ricarda 86 −1 266 4 95.802 82.9 2 418 15 16 16 17 E
896 Sphinx 172 20 352 42 12.95209 26.270 1 310 8 9 8 9 E
1013 Tombecka 54 46 244 34 6.05018 6.053 3 400 8 7 E
1039 Sonneberga 17 51 192 51 34.9671 34.2 2 390 6 6 9 7 E
1069 Planckia 197 83 8.65848 8.665 3 493 9 9 13 12 E
1105 Fragaria 24 3 202 21 5.431437 10.88 1 394 7 10 9 C
1170 Siva 343 47 15.92947 5.22 1 229 9 11 9 E
1182 Ilona 34 −42 190 −59 29.8754 29.8 2 315 7 6 9 9 CE
1197 Rhodesia 56 −56 16.0558 16.062 2 401 8 7 9 9 C
1214 Richilde 59 −64 275 −46 9.86688 9.860 3 432 9 7 E
1218 Aster 58 67 260 66 3.158091 3.1581 3 255 8 7 E
1226 Golia 49 −23 218 −37 4.473578 4.097 3 254 10 9 10 E
1236 Thais 31 43 47.9891 > 72. 1 326 7 7 E
1276 Ucclia 154 −69 4.907470 4.90768 3 317 11 11 12 12 E
1283 Komsomolia 76 31 261 48 32.1955 96. 1+ 497 8 8 C
∗ 1311 Knopfia 74 −35 260 −34 32.3276 19.296 3 405 13 12 C
1328 Devota 132 −32 312 −20 17.1066 17.49 2− 365 11 9 C
1331 Solvejg 69 −46 248 −41 19.2892 19.30 2+ 584 11 9 13 13 E
1335 Demoulina 126 60 318 58 74.943 74.86 2+ 348 7 6 E
1337 Gerarda 64 29 240 69 12.47036 12.52 2 459 12 12 12 12 E
1356 Nyanza 149 −31 327 −49 12.41064 12.422 3 402 6 6 10 6 CE
1361 Leuschneria 158 −39 336 −48 12.07463 12.0893 2 331 17 19 20 23 E
1396 Outeniqua 61 55 242 42 3.081748 3.08158 3 394 6 10 9 C
1403 Idelsonia 141 4 325 9 5.45924 5.458 3 339 7 7 C
1413 Roucarie 124 15 310 33 6.53058 6.357 3 278 10 10 11 10 E
1422 Stromgrenia 22 63 192 58 3.504623 3.5051 3− 430 11 8 C
1463 Nordenmarkia 188 32 356 42 5.91899 5.918 3− 315 10 11 E
∗ 1510 Charlois 47 −24 226 −25 15.9844 5.866 2 359 6 6 9 9 E
1531 Hartmut 38 −22 229 −31 25.5330 25.57 2+ 280 6 E
∗ 1555 Dejan 39 34 222 20 22.2459 16.960 2+ 461 13 12 E
1571 Cesco 72 61 27.3967 241 8 10 12 11 CE
∗ 1582 Martir 235 −63 12.37670 9.84 2 394 10 9 E
1632 Siebohme 74 73 56.644 56.65 2 365 8 6 E
1637 Swings 43 37 232 26 10.26957 391 8 7 CE
1652 Herge 93 28 269 35 16.3072 16.36 3− 356 8 8 10 10 E
1666 van Gent 127 −44 4.165792 4.16504 3 393 7 6 12 10 E
1693 Hertzsprung 45 47 255 48 8.84228 8.825 3 407 7 7 8 8 E
1699 Honkasalo 4 45 182 57 11.15569 11.1159 3− 508 9 9 11 10 CE
∗ 1705 Tapio 106 −57 265 −48 25.5438 54.8 2 294 15 23 17 E
1752 van Herk 144 19 324 28 88.450 361 16 8 CE
1824 Haworth 1 41 181 41 17.8223 474 6 6 12 10 C
1836 Komarov 18 79 197 62 8.07992 8.8015 3 290 7 6 E
1932 Jansky 101 −73 282 −70 64.496 283 7 C
1958 Chandra 152 −35 310 −43 7.05692 7.070 3− 356 7 6 11 10 E
1969 Alain 48 −61 234 −59 27.2490 384 8 9 C
2020 Ukko 131 −7 313 11 25.4807 25.478 2+ 544 19 18 26 27 C
∗ 2120 Tyumenia 92 23 244 45 17.4991 2.769 2 506 13 9 17 17 CE
2181 Fogelin 77 20 255 −6 14.0729 14.07 3 432 14 14 18 15 E
2204 Lyyli 64 −66 252 −14 11.06211 11.063 3− 440 15 15 21 19 C
2295 Matusovskij 129 −47 316 −43 3.950405 602 14 E
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Table A.1. continued.
Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
2332 Kalm 80 52 11.51175 22.8 2 533 18 17 23 22 CE
2467 Kollontai 112 −35 294 −42 17.6569 598 10 9 12 11 E
2499 Brunk 114 −52 294 −50 5.88693 739 7 6 C
2501 Lohja 105 41 278 29 3.808360 3.8084 3 662 7 8 7 E
2568 Maksutov 62 35 257 39 7.59193 7.5930 3 615 8 8 13 11 E
2573 Hannu Olavi 19 28 216 43 4.93246 4.9355 3 535 10 10 11 11 E
2592 Hunan 185 −73 357 −72 49.9871 653 6 8 8 C
2609 Kiril-Metodi 40 38 218 28 4.94204 4.9433 3 483 11 11 13 13 CE
2663 Miltiades 186 52 351 48 3.957489 470 11 9 C
2677 Joan 53 −53 253 −35 16.97876 16.97 2 479 8 8 E
2700 Baikonur 76 66 283 74 10.55573 10.566 2 702 9 7 C
2718 Handley 84 −52 261 −53 13.09803 686 6 11 11 E
2740 Tsoj 273 −46 22.0448 22.042 2 423 12 11 14 14 E
2743 Chengdu 67 45 224 50 8.33205 426 10 15 16 E
2830 Greenwich 315 34 80.573 > 24. 2 417 9 10 12 12 C
2911 Miahelena 129 −42 294 −35 4.201878 4.201 3 528 7 11 11 E
2951 Perepadin 83 −65 223 −80 4.780779 4.781 3 415 11 8 12 12 E
2985 Shakespeare 142 −44 326 −52 6.05815 6.06 3 570 16 14 E
2992 Vondel 152 38 342 44 18.8455 18.849 2 499 12 11 E
3021 Lucubratio 53 −29 12.10054 412 12 10 E
3059 Pryor 66 52 238 56 24.5466 24.544 3 713 6 E
3085 Donna 144 −43 329 −35 4.79790 493 6 6 E
3183 Franzkaiser 92 50 279 50 38.0358 673 16 16 E
3228 Pire 40 −50 214 −43 11.54203 11.538 3 578 7 11 9 E
3314 Beals 159 −42 358 −46 5.46233 5.4616 3 483 10 7 12 12 E
3364 Zdenka 135 −50 304 −48 7.58502 7.584 3 587 8 9 9 11 C
3421 Yangchenning 129 −2 309 3 4.99166 541 8 9 C
3467 Bernheim 23 −44 202 −34 16.5190 561 8 8 E
3522 Becker 125 50 313 62 30.9114 497 6 6 7 7 E
3572 Leogoldberg 117 −38 295 −30 10.10068 545 13 7 E
3611 Dabu 14 33 180 47 31.2785 430 7 12 9 E
∗ 3668 Ilfpetrov 132 42 316 51 11.57729 15.268 2 480 7 7 7 8 CE
3674 Erbisbuhl 55 −34 11.28291 11.28 3 292 13 12 E
3690 Larson 87 32 263 32 6.65682 609 7 7 E
3738 Ots 82 56 264 57 4.170135 4.17025 3 709 10 7 15 12 C
3755 Lecointe 137 22 318 39 27.8899 27.920 3 463 12 E
3767 DiMaggio 145 −33 301 −36 6.57887 6.581 3− 438 19 17 21 20 E
3808 Tempel 109 32 300 43 7.45073 432 6 6 10 9 C
3813 Fortov 75 −60 265 −59 11.71538 12.3 3− 592 6 9 8 C
3871 Reiz 43 −54 10.99156 340 9 12 12 12 E
3933 Portugal 133 46 313 43 8.56077 706 13 7 E
3948 Bohr 117 40 302 53 24.8935 24.884 3 598 7 6 C
3962 Valyaev 98 44 261 59 16.43192 16.440 2 636 20 20 E
4044 Erikhog 11 40 7.99649 482 12 19 18 E
4105 Tsia 96 47 245 56 12.58745 521 13 12 E
4169 Celsius 68 −48 250 −72 10.89065 10.887 2+ 551 11 11 11 11 E
4222 Nancita 45 −42 238 −40 3.872921 3.8732 3 383 8 7 E
4230 van den 2 57 88.050 87.918 2 414 9 9 C
4252 Godwin 93 18 274 29 11.61502 11.623 3− 452 24 22 39 35 E
4374 Tadamori 7 −54 190 −41 4.504947 4.50474 3 419 6 6 8 10 CE
4424 Arkhipova 176 −42 319 −43 14.68006 14.673 2 561 6 6 C
4448 Phildavis 39 25 247 43 14.92631 14.914 3 416 14 14 15 14 E
4562 Poleungkuk 80 −60 270 −75 9.47069 9.475 2 749 8 8 E
4678 Ninian 58 68 250 67 56.701 56.72 3− 548 7 6 E
4751 Alicemanning 94 −53 270 −41 16.20158 15.894 2 711 7 7 E
4767 Sutoku 77 48 252 60 92.447 498 8 7 11 11 E
4810 Ruslanova 124 55 69.763 504 6 13 12 E
4813 Terebizh 94 −32 265 −57 10.20365 458 9 6 12 12 CE
4918 Rostropovich 113 −27 292 −23 20.1407 609 8 7 6 E
4961 Timherder 16 58 204 36 4.121566 450 6 6 E
4976 Choukyongchol 72 43 236 38 4.419470 4.419 2 408 6 12 10 C
5047 Zanda 108 −45 296 −57 3.810598 533 7 E
5155 Denisyuk 69 −34 240 −36 31.5617 602 16 15 E
5196 Bustelli 5 −36 166 −25 7.76965 532 7 14 13 E
5320 Lisbeth 133 −60 308 −55 45.6442 552 10 7 E
5327 1989 EX1 4 −50 193 −35 8.72121 8.71997 3 410 9 10 10 C
5354 Hisayo 112 25 14.29164 555 10 7 E
5357 Sekiguchi 275 −50 5.40586 5.41 3 584 10 11 12 E
5416 Estremadoyro 136 44 317 29 20.7506 559 11 11 12 12 E
5418 Joyce 194 −53 323 −44 20.9179 20.96 2 384 25 24 C
5451 Plato 186 43 339 56 6.19296 6.19 2 535 9 7 C
5502 Brashear 57 −14 230 −36 19.2922 489 14 13 E
5657 Groombridge 90 −49 264 −15 7.43566 546 6 6 E
5795 Roshchina 103 37 289 24 5.376907 443 6 7 12 10 CE
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Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
5826 Bradstreet 76 −74 280 −71 5.53921 5.55 2 685 8 8 E
5902 Talima 252 −42 22.3733 356 8 8 E
5940 Feliksobolev 59 29 264 19 7.62033 7.620 3− 503 28 23 E
5942 Denzilrobert 72 54 284 42 14.31031 530 12 11 E
6051 Anaximenes 113 −28 281 −8 38.9111 403 14 25 23 E
6091 Mitsuru 112 −20 310 −33 5.85558 5.853 3 478 6 6 10 10 E
6121 Plachinda 136 38 4.085744 4.0863 3 578 18 15 E
6167 Narmanskij 165 −48 350 −50 5.41192 489 7 C
6257 Thorvaldsen 52 −47 204 −49 82.654 430 9 7 E
6297 1988 VZ1 64 −55 244 −55 4.441968 687 6 E
6332 Vorarlberg 11 −50 191 −58 7.63393 651 6 6 E
6464 Kaburaki 76 −57 236 −41 4.801066 432 6 6 12 12 E
6476 1987 VT 129 38 304 6 10.79854 10.7973 3 528 9 9 15 15 E
6744 Komoda 81 −58 233 −48 3.105289 3.110 3 537 6 E
6796 Sundsvall 200 −56 359 −53 4.887226 461 9 9 C
6814 Steffl 144 −37 323 −34 5.43521 680 6 E
6837 Bressi 138 −34 351 −50 5.74145 342 14 7 E
6884 Takeshisato 113 22 299 30 51.0731 509 11 6 E
6979 Shigefumi 195 39 350 41 12.10795 535 10 12 16 16 CE
6990 Toya 174 −36 352 −42 15.6245 15.622 2 567 10 7 E
7142 Spinoza 134 49 315 48 12.40882 12.375 2 560 7 8 C
7192 Cieletespace 104 31 290 55 6.35584 6.3546 2+ 492 8 12 11 E
7211 Xerxes 80 −63 13.56669 531 15 8 22 20 C
7292 Prosperin 29 33 223 27 5.58891 514 11 6 E
7333 Bec-Borsenberger 106 −50 315 −47 12.73012 12.727 3 312 9 9 E
7428 Abekuniomi 129 −47 86.553 269 16 14 E
7432 1993 HL5 4 −73 201 −62 6.95710 595 7 C
7477 1993 LC 117 −73 293 −34 74.093 74.240 2 452 7 6 E
7585 1991 PK8 147 −7 322 −14 9.47919 454 10 10 E
7837 Mutsumi 127 −1 310 −32 14.30442 426 14 14 19 16 E
7859 Lhasa 13 −43 180 −46 10.70350 512 8 6 E
8091 1992 BG 59 −67 244 −45 8.56457 8.5630 3 359 12 13 21 19 E
8140 Hardersen 68 −60 277 −51 18.4172 534 10 9 E
8261 Ceciliejulie 58 −52 237 −55 13.98634 14.009 2 573 14 7 C
8380 Tooting 85 17 248 33 36.8942 36.929 3 433 7 7 11 11 E
8402 1994 GH9 133 −21 312 4 13.57748 413 6 E
8454 Micheleferrero 53 40 242 34 6.71191 6.727 2 583 9 11 9 E
8528 1992 SC24 14 67 183 45 5.02116 494 7 C
8633 Keisukenagao 133 75 280 56 4.857162 365 7 E
8636 Malvina 130 −56 302 −59 16.9860 16.994 2 651 11 9 E
8713 Azusa 219 53 91.936 477 7 6 E
8859 1991 PQ11 119 −52 318 −42 3.898921 3.90 3− 511 15 6 C
8871 Svanberg 60 27 246 63 4.888086 423 9 8 E
8873 1992 UM2 157 −46 336 −49 5.93581 389 6 17 14 E
9008 Bohsternberk 91 −59 254 −47 72.502 480 16 16 E
9033 Kawane 195 −21 5.76537 5.7656 3 458 7 7 7 CE
9034 Oleyuria 71 33 252 54 12.60235 479 11 9 C
9052 Uhland 75 22 253 18 76.541 501 6 9 8 E
9112 Hatsulars 65 50 249 45 36.5372 542 6 13 10 E
9158 Plate 119 −52 5.16491 523 10 20 17 E
9196 Sukagawa 57 52 7.10002 7.10 3− 546 9 6 E
9274 Amylovell 85 −48 270 −62 5.49631 5.518 2 205 12 10 C
9326 Ruta 59 49 250 60 8.14533 383 9 7 E
9379 Dijon 85 −54 268 −58 3.273103 514 19 16 E
9566 Rykhlova 152 −58 8.57173 8.800 2 497 13 11 C
9827 1958 TL1 331 −74 10.70735 392 11 15 15 E
9869 Yadoumaru 50 40 226 41 7.57860 496 6 6 18 15 E
9898 Yoshiro 12 −58 202 −43 6.53146 464 10 7 E
9938 Kretlow 62 −28 240 −26 8.76900 568 7 10 8 E
10061 Ndolaprata 147 −54 358 −57 10.12649 337 11 11 C
10096 1991 RK5 75 54 5.34569 500 10 10 E
10275 1981 EC16 56 −43 249 −56 47.860 371 12 15 14 E
10288 Saville 131 −64 325 −40 5.80412 238 9 9 E
10325 Bexa 171 −33 346 −46 16.3299 481 19 15 E
∗ 10338 1991 RB11 85 −56 262 −54 13.48417 10.55 2 414 15 13 E
10412 Tsukuyomi 39 −67 188 −42 4.115592 533 15 9 C
10449 Takuma 87 −44 264 −39 7.31068 7.33 2 657 8 7 E
10477 1981 ET41 167 −53 315 −33 5.21748 324 10 E
10533 1991 PT12 110 13 293 8 17.20735 638 10 10 10 E
10559 Yukihisa 111 28 305 43 5.79714 5.797 2 561 7 14 10 C
10570 Shibayasuo 142 47 326 39 4.98791 4.987 2 399 21 18 E
10656 Albrecht 102 −14 282 −34 14.46056 14.490 2 496 9 6 E
10779 1991 LW 149 −48 340 −70 18.4825 18.3 2 422 9 8 E
11174 Carandrews 123 −58 279 −79 4.495845 4.51 2 440 8 E
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Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
11214 1999 HP8 126 −51 323 −60 10.28759 470 16 21 18 C
11220 1999 JM25 120 −43 313 −35 11.27965 11.280 2 507 13 13 15 14 CE
11228 Botnick 7 −42 188 −35 13.58487 423 6 E
11407 1999 CV50 118 −61 302 −62 55.645 469 11 7 C
11479 1986 EP5 99 41 281 46 6.88334 6.91 2 654 7 8 7 E
11618 1996 EX1 101 19 289 56 40.2337 415 8 8 C
11659 1997 EX41 6 63 181 59 15.58218 417 7 11 9 E
11675 Billboyle 87 −65 270 −55 3.331653 516 12 8 C
11676 1998 CQ2 23 −43 202 −46 7.87741 343 10 7 C
11785 Migaic 61 48 260 46 20.7197 20.716 2 486 8 9 9 E
11796 Nirenberg 32 53 204 57 43.4745 418 10 19 23 20 C
11823 Christen 46 46 233 43 16.3133 441 6 11 12 13 E
11900 Spinoy 4 −46 182 −45 4.368240 307 6 E
12088 Macalintal 98 41 265 50 3.341929 3.342 2 527 8 6 E
12097 1998 HG121 80 26 267 38 6.85200 6.850 2 548 6 10 10 C
12220 Semenchur 350 53 5.96389 5.992 2 421 12 9 E
12232 1986 QZ2 115 28 292 4 32.8150 471 16 16 20 19 E
12279 Laon 160 −47 328 −76 5.59803 498 8 6 C
12304 1991 SR1 67 −70 267 −37 65.814 392 15 11 E
12374 Rakhat 53 47 258 67 18.1846 18.170 2 468 20 10 E
12383 Eboshi 85 −53 210 −53 48.7598 377 11 10 E
12417 1995 TC8 350 35 5.10890 670 10 C
12961 4262 T-2 66 −47 233 −39 5.31117 351 13 C
13035 1989 UA6 142 46 323 37 10.65696 598 7 10 8 E
13176 Kobedaitenken 141 68 324 26 15.5790 375 13 9 E
13355 1998 TP17 350 30 3.657467 621 9 9 C
13371 1998 VH5 2 −36 183 −50 64.581 385 7 C
13436 Enid 170 53 351 54 11.67828 590 12 11 E
13482 Igorfedorov 120 −38 288 −42 13.42631 13.55 3− 545 8 7 E
13534 Alain-Fournier 176 65 355 64 6.21407 6.214 2 414 9 7 C
13585 Justinsmith 150 −18 331 −33 50.281 319 8 C
13643 Takushi 70 −62 82.130 83.838 2+ 402 8 8 E
13649 1996 PM4 99 72 282 70 5.51386 567 7 6 C
13709 1998 QE13 110 −44 275 −36 55.961 495 8 8 9 7 C
13737 1998 RU76 323 −49 7.73740 7.74 2 411 6 8 8 C
13856 1999 XZ105 174 20 356 46 4.447894 4.4475 3 446 15 6 E
13872 2649 P-L 57 −64 256 −42 4.56275 360 14 10 E
13925 1986 QS3 6 −59 6.33726 378 8 8 E
14016 Steller 359 7 3.712846 3.797 2 352 9 8 C
14098 Simek 24 7 204 8 9.29614 354 11 10 E
14165 1998 UZ 51 −54 257 −53 6.97151 365 11 11 C
14180 1998 WY5 178 −45 352 −50 14.56991 328 6 C
14465 1993 NB 188 −32 341 −39 4.97053 4.9703 3 580 6 10 10 C
14551 Itagaki 76 60 267 51 5.94641 484 6 7 C
14627 Emilkowalski 256 48 11.13002 11.131 3 382 13 11 C
14631 Benryan 246 −50 8.39039 429 7 7 11 9 E
14667 1999 CS19 90 −57 287 −64 9.18435 338 10 10 C
14872 Hoher List 97 −48 284 −56 6.14518 517 10 10 C
14883 1991 PT11 87 41 267 48 8.15607 408 8 8 C
14889 1991 VX2 70 33 251 18 16.0879 16.096 2 470 9 7 E
14925 Naoko 86 48 271 36 5.650939 414 8 C
14938 1995 DN 182 −26 346 −29 7.81771 563 7 7 E
15032 Alexlevin 158 −66 353 −46 4.405511 323 9 C
15091 Howell 13 61 200 46 10.86318 286 8 7 C
15110 2000 CE62 35 52 213 34 5.46210 5.462 2 468 7 8 C
15276 Diebel 58 −52 222 −10 13.32997 419 6 7 9 9 E
15290 1991 TF1 70 −49 246 −18 14.33958 301 9 9 E
15552 Sandashounkan 131 5 316 −31 33.5993 33.62 3− 329 8 8 15 15 E
15735 Andakerkhoven 107 −17 281 −19 22.5355 421 21 19 E
15769 1993 FP23 292 −31 5.79336 5.794 2 346 11 7 E
15796 1993 TZ38 68 38 252 52 6.21276 479 7 E
15824 1994 WM1 125 −36 290 −77 28.5797 241 6 E
15917 Rosahavel 79 −58 276 −44 10.21938 438 10 9 E
15920 1997 UB25 122 −50 316 −44 12.20051 398 8 11 15 13 E
16025 1999 CA104 135 15 313 29 10.55733 388 10 20 12 E
16055 1999 JQ56 123 −38 288 −36 94.351 94.273 2 367 12 7 C
16138 1999 XV119 4 −39 173 −23 6.19344 408 12 12 CE
16227 2000 DY73 156 −49 337 −45 3.557035 421 6 E
16270 2000 JH48 39 40 230 27 40.5435 617 10 8 E
16285 3047 P-L 21 −36 181 −51 3.677733 424 11 11 E
16669 Rionuevo 61 −73 4.95361 4.953 3 291 18 28 28 E
16712 1995 SW29 161 10 324 1 17.1699 316 10 11 E
16789 1997 AU3 337 73 73.519 329 7 7 C
16897 1998 DH10 97 46 283 55 9.18959 441 10 10 E
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Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
17018 1999 DB1 86 −40 272 −41 5.31832 461 7 E
17028 1999 FJ5 40 18 221 13 12.80411 417 11 E
17139 Malyshev 131 43 313 64 4.202622 381 11 7 E
17279 Jeniferevans 339 46 6.51152 385 8 8 E
17329 1277 T-2 269 −36 9.07938 240 15 6 E
17873 1998 XO96 135 −50 318 −57 10.69335 578 7 E
17983 Buhrmester 109 28 296 34 11.74096 333 8 7 E
18057 1999 VK10 125 −55 306 −31 8.51475 491 19 18 E
18159 Andrewcook 130 45 326 11 19.3827 393 21 17 E
18395 Schmiedmayer 73 −43 251 −47 4.477653 515 8 E
18425 1993 YL 5 57 189 65 4.966008 414 8 E
18831 1999 NP37 279 −65 14.01785 393 10 7 E
18889 2000 CC28 74 −30 238 −48 20.7316 484 8 7 E
18989 2000 RV26 87 −50 280 −29 5.21891 256 11 9 E
18997 Mizrahi 31 −57 214 −56 5.93845 337 10 E
19086 1978 VB3 91 −44 235 −52 6.26140 6.26 2 399 8 13 12 E
19091 1978 XX 138 65 326 35 4.219087 444 16 6 25 25 C
19136 Strassmann 56 −57 211 −52 10.51693 10.512 2 246 12 11 E
19187 1991 VU2 218 33 5.82416 381 12 9 E
19327 1996 XH19 48 −56 205 −23 3.988545 3.9878 3− 355 11 14 14 C
19388 1998 DQ3 67 34 244 68 8.92431 258 12 8 E
19457 Robcastillo 101 49 288 69 4.354966 335 9 9 C
19479 1998 HG97 120 63 309 49 39.0847 349 7 E
19690 1999 RD212 55 42 231 25 25.4988 460 6 9 8 E
19985 1990 GD 56 64 246 45 5.326506 328 13 12 E
20124 1995 WJ36 79 −47 231 −44 16.6689 16.657 2 366 7 21 17 E
20179 1996 XX31 0 −69 7.59631 7.594 2 512 7 6 C
20524 Bustersikes 44 −28 251 −40 39.0902 450 24 23 E
20723 1999 XH113 69 −27 258 −52 4.758810 271 8 E
20753 2000 AW211 13 −28 167 −57 6.13027 453 6 E
20986 1981 EL37 16 −49 237 −59 16.7482 205 14 8 E
21045 1990 SQ1 106 58 273 29 10.06609 263 6 6 E
21248 1995 YP1 164 −56 343 −44 9.79732 432 8 7 E
21557 Daniellitt 15 −12 195 −39 4.234092 4.233 2 599 8 6 E
21598 1998 WP9 58 −71 254 −60 50.063 381 9 8 C
21671 Warrener 74 22 254 56 4.516737 375 10 6 E
21689 1999 RL38 51 −69 242 −55 10.08457 262 10 7 E
21699 Wolpert 110 −53 278 −58 87.848 409 6 E
21828 1999 TN92 100 −47 274 −42 14.92464 334 9 7 CE
22092 2000 AQ199 161 −30 18.8183 18.854 2 360 7 6 E
22150 2000 WM49 57 45 352 78 14.62126 295 9 C
22176 2000 XG36 53 −35 261 −74 4.794707 4.794 2 432 12 12 E
22601 1998 HD124 122 57 324 42 11.87848 11.8785 3 616 8 7 E
22773 1999 CV17 0 56 187 58 17.50658 354 10 7 E
22894 1999 TW 125 −48 305 −39 9.43945 350 7 E
23004 1999 VH114 103 −50 326 −82 7.14783 7.147 2 240 12 11 E
23142 2000 AM165 132 44 358 74 21.6660 396 7 11 11 E
∗ 23184 2000 OD36 215 −38 347 −76 54.225 29.09 2 306 19 18 E
23254 Chikatoshi 33 40 222 42 7.03219 393 10 10 C
23558 1994 PW26 71 45 268 56 8.25997 171 12 9 C
23598 1995 WL13 90 41 276 50 10.57780 10.577 2 615 15 13 E
24188 Matthewage 340 35 70.555 391 8 E
24859 1996 BP11 152 −59 308 −52 11.05170 333 20 18 C
24971 1998 FG77 127 55 313 47 39.9001 525 9 6 E
25026 1998 QF23 63 44 246 28 12.66397 303 7 E
25427 Kratchmarov 155 −52 339 −60 6.22659 274 6 6 E
25508 1999 XC96 133 −57 340 −59 9.94330 256 11 E
25542 Garabedian 141 37 312 61 10.55227 310 11 E
25623 2000 AY47 197 −61 4.618905 323 12 9 E
25727 Karsonmiller 119 −50 275 −28 38.9373 348 18 7 E
25820 2000 DB56 108 24 327 55 12.05893 398 9 9 E
25845 2000 EO86 130 57 350 72 15.12858 339 17 15 C
25887 2000 SU308 48 81 296 74 21.8916 21.975 2 212 12 7 E
26176 1996 GD2 121 −55 297 −37 19.2578 318 15 6 E
26348 1998 XO94 166 21 357 51 15.7017 15.695 2 469 11 13 15 14 E
26490 2000 AN245 50 −43 264 −61 9.12207 331 8 E
26520 2000 CQ75 30 43 214 76 3.969849 3.970 2 462 6 E
26990 Culbertson 113 −41 273 −54 5.53176 404 9 8 E
27278 2000 AU61 210 25 353 46 5.77761 5.780 2 401 10 8 E
27305 2000 AJ203 159 −1 338 19 17.4163 343 8 8 8 E
27471 2000 GG76 78 −35 257 −38 12.38311 12.47 2 377 8 8 E
28100 1998 RG69 87 −48 266 −41 5.43391 435 9 C
28343 1999 FG9 101 −34 254 −67 10.00444 412 8 9 E
28347 1999 FD22 50 −27 236 −48 24.2936 399 10 8 E
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Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
28378 1999 JN24 16 −59 167 −46 4.89224 552 11 6 E
28575 McQuaid 57 33 255 43 14.24440 206 7 6 C
28675 Suejohnston 94 −46 273 −45 7.18008 7.174 2 255 15 10 E
28699 2000 GN89 214 −47 45.4871 271 6 9 8 E
28709 2000 GY96 15 −44 192 −43 49.1825 442 8 7 E
28908 2000 NY6 97 24 262 33 14.10574 297 14 13 E
28910 2000 NH11 110 −27 304 −24 5.97426 5.971 2+ 518 7 E
28954 Feiyiou 88 −68 246 −60 12.16569 255 9 6 C
29122 Vasadze 80 −37 259 −57 63.522 389 9 8 E
29265 1993 FV18 79 53 273 51 60.356 359 8 E
29343 1995 CK10 123 52 253 32 63.703 63.852 2 381 9 9 E
29521 1997 YK14 68 59 247 32 6.20217 288 9 10 E
29543 1998 BV29 29 47 215 64 74.571 330 6 E
29628 1998 TX30 161 46 337 30 5.406288 5.409 2 453 17 C
29863 1999 FC43 124 33 316 38 19.3145 19.312 2 578 9 9 E
29887 1999 GN34 171 −53 350 −50 3.239488 670 7 6 E
29919 1999 JD23 145 −28 328 −56 9.26738 491 6 7 E
30072 2000 EP93 128 25 312 53 6.08136 471 13 9 E
30408 2000 KW55 96 40 295 39 3.846427 375 8 E
30577 2001 OU103 11 56 60.046 216 8 E
30596 Amdeans 114 35 294 37 23.1340 241 11 10 E
30895 1993 FH23 25 −62 235 −56 23.9522 391 6 E
31109 Janpalous 139 −60 350 −49 5.146452 189 12 9 E
31205 1998 BW 312 51 20.9093 20.907 2 366 10 9 C
31257 1998 DG35 105 −43 299 −62 7.66121 395 9 9 E
31288 1998 FZ59 95 −34 256 −67 40.2038 311 10 7 E
31753 1999 JL94 105 −5 278 −9 14.6636 321 26 26 E
31755 1999 JA96 25 −60 212 −34 17.8605 417 7 E
32103 2000 KF52 231 −43 4.96536 231 8 8 C
32286 2000 PS24 121 −50 4.994138 337 14 21 19 E
32483 2000 SM362 2 32 10.82206 10.821 2 277 9 7 E
32507 2001 LR15 297 −69 8.26802 177 7 7 E
32627 2001 RO69 126 18 306 12 41.9397 385 14 12 E
32837 1992 EK7 54 −48 237 −42 23.0986 238 9 7 C
33181 Aalokpatwa 150 −46 333 −54 7.38092 362 20 20 E
33206 1998 FB60 184 74 314 51 54.518 302 12 10 E
33218 1998 FO106 76 −34 254 −58 12.43206 440 8 6 E
33412 1999 CX96 287 −53 11.21794 271 18 17 E
33566 1999 JZ25 76 −49 273 −26 73.368 205 9 6 E
33820 2000 AB141 14 84 201 41 5.20006 396 9 8 E
34064 2000 OK51 150 −20 330 5 3.902766 3.902 2 304 13 13 E
34093 2000 PP11 163 −38 327 −63 4.91912 363 10 15 13 E
34290 2000 QQ150 58 18 239 −3 5.55075 366 8 7 E
34450 2000 SZ80 83 −36 257 −34 5.123550 296 7 E
35595 1998 HO116 92 −21 272 22 11.42100 373 10 9 C
35622 1998 JF4 24 −62 203 −51 5.46417 355 14 21 21 E
35694 1999 CP54 115 −63 294 −57 7.01510 7.01 3− 437 11 6 E
35815 1999 JO48 39 −36 207 −39 9.74307 345 7 E
35953 1999 KJ15 12 −60 40.1878 270 10 15 14 E
36187 Travisbarman 82 24 268 34 8.65272 8.65 3− 444 9 7 C
36724 2000 RS43 78 8 260 −19 19.4850 318 7 7 E
37613 1993 FE40 11 −51 180 −41 7.62298 7.622 2 295 8 E
37985 1998 HF144 60 48 240 65 9.21507 210 6 C
38120 1999 JN39 109 −27 263 −46 12.62024 265 8 7 E
38382 1999 RZ175 105 40 281 70 7.40863 193 10 7 E
38409 1999 RK205 19 58 180 30 4.95927 248 12 10 E
38507 1999 TD192 315 64 5.49916 318 13 13 E
38650 2000 ON17 122 47 330 40 4.78078 161 8 9 9 E
38950 2000 ST295 82 −77 6.19044 329 12 10 C
39762 1997 FE1 57 48 246 37 5.90702 303 13 11 E
40129 1998 QY45 54 −34 218 −74 7.89727 354 11 9 E
40223 1998 SX142 133 −36 338 −63 11.00092 366 9 9 E
40232 1998 UD 59 −72 42.0699 291 12 12 E
40267 1999 GJ4 33 58 4.95707 4.9567 3 222 12 6 C
40852 1999 TX105 68 −60 257 −36 5.327753 218 10 9 E
41042 1999 VB2 114 30 309 1 20.3544 20.384 2 297 9 9 C
41083 1999 VO50 7 35 189 34 26.0375 669 6 E
41394 2000 AW162 2 −68 188 −47 25.0200 228 8 7 E
41709 2000 UH56 144 60 3.409190 265 14 13 C
42284 2001 TV8 136 −44 322 −65 5.10626 566 6 6 11 8 CE
42490 1991 SU 89 33 285 44 7.95022 7.953 2 442 12 9 C
42749 1998 SL25 138 −52 336 −82 6.97656 219 9 8 E
43895 1995 UC4 142 45 320 37 4.846351 4.847 2 374 12 C
43987 1997 JR9 115 −23 285 −12 12.01876 195 13 C
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number name/designation [deg] [deg] [deg] [deg] [h] [h]
44249 1998 QH42 12 42 213 17 12.70795 246 9 8 E
45130 1999 XQ91 69 56 253 66 5.323909 5.324 2 670 8 11 14 12 C
45328 2000 AM74 120 −58 280 −53 40.6826 236 22 15 C
45430 2000 AW169 121 50 328 34 60.458 221 15 E
45543 2000 CQ36 168 −36 322 −36 7.55509 7.549 2 361 14 12 E
45783 2000 OV16 102 −49 284 −48 15.5635 384 7 E
45898 2000 XQ49 319 46 5.41642 5.417 3 309 12 E
46450 3039 P-L 154 36 330 55 9.27819 232 11 E
∗ 46537 1981 EV45 28 49 207 43 6.84803 5.85 3− 117 9 6 E
∗ 46539 Viktortikhonov 320 49 25.7385 16.743 2 501 13 14 E
46556 1991 FU3 174 −64 350 −60 62.178 400 8 E
46629 1994 PS38 98 −64 284 −62 8.38010 240 7 7 E
46670 1996 NU 66 −66 256 −20 5.15273 386 7 11 24 24 E
47048 1998 WW18 123 16 296 21 12.82438 459 7 E
47085 1999 AW2 21 −41 199 −38 16.4840 203 13 10 E
47127 1999 CJ103 24 −34 226 −70 4.370848 4.370 2 242 13 12 E
47144 Faulkes 157 −37 336 −54 7.67345 389 9 6 E
∗ 47614 2000 BO14 140 39 320 22 5.50432 4.88 1 395 10 10 E
47617 2000 BC27 20 −55 158 −64 5.59006 320 14 14 E
48981 1998 QD45 150 −42 339 −34 6.97621 6.979 2 380 10 E
49079 1998 RJ62 73 5 254 −8 14.73531 359 8 E
49088 1998 RS68 138 −44 333 −65 7.05232 349 7 C
49616 1999 FY42 88 −45 7.39678 7.397 2 194 9 7 E
50038 2000 AT54 29 36 208 54 7.23044 7.26 3− 363 8 9 E
50093 2000 AT96 117 −51 282 −50 5.76910 298 17 E
∗ 50776 2000 FS12 64 34 299 32 16.7993 11.156 2 407 7 6 E
50816 2000 FU31 335 −51 67.937 438 16 19 18 E
51227 2000 JK25 89 −29 263 −62 9.84392 317 8 8 E
51822 2001 OB25 80 −77 4.67130 311 15 15 E
∗ 51832 2001 OS46 80 23 277 43 20.8929 19.757 2 149 18 12 E
51909 2001 QD60 79 −26 262 −51 7.28470 224 6 E
51915 Andry 124 −20 305 −1 14.89562 459 13 13 C
51951 2001 QD222 109 −2 290 25 26.3277 274 13 E
52344 Yehudimenuhin 177 −23 358 −71 4.374596 294 14 15 E
52421 Daihoji 44 34 277 58 22.5465 150 26 26 E
52439 1994 QL 182 −25 44.8454 268 11 12 12 E
52695 1998 FG32 318 −29 15.74289 221 21 19 E
52870 1998 SC26 156 −33 332 −40 4.126138 271 9 12 12 E
52909 1998 SZ86 340 52 6.17653 272 6 E
53362 1999 JY76 164 −45 353 −74 5.30555 434 7 C
53812 2000 EL136 71 −41 205 −62 7.42340 268 7 15 12 E
53843 Antjiekrog 227 42 4.213444 4.213 2 438 12 12 C
54030 2000 GF105 136 −59 309 −64 5.539371 268 14 E
54114 2000 HZ12 6 −38 182 −45 5.28459 271 13 13 E
54298 2000 JE62 343 77 58.539 270 13 7 E
54391 2000 KO67 77 −13 258 12 8.22493 384 13 14 14 E
54453 2000 NL15 9 −53 165 −50 5.21692 5.855 2 342 6 E
54808 2001 ME24 332 −21 10.62366 284 19 17 C
55667 6691 P-L 54 62 246 48 58.545 280 9 E
55734 1986 WD6 65 −13 246 −50 8.24865 213 18 10 E
55760 1992 BL1 318 −36 8.08610 8.0813 3 367 36 31 42 40 E
55946 1998 HP24 5 34 257 66 37.0183 418 7 E
56131 1999 CY48 52 51 258 62 4.388211 348 8 C
56652 2000 KJ48 141 −43 316 −43 45.9758 343 15 E
57046 2001 KW55 122 7 303 8 3.418974 270 20 16 C
57429 2001 SX33 90 −60 267 −47 13.87758 501 10 9 E
57458 2001 SX73 18 −61 181 −42 5.06370 239 16 12 C
57540 2001 TE18 163 −47 345 −52 4.493437 346 6 E
57843 2001 XO59 44 −71 214 −47 8.18273 396 14 E
58360 1995 LM 39 −37 228 −65 31.0533 158 6 E
58631 1997 WE2 99 −31 9.98306 239 16 16 E
58931 Palmys 56 −83 218 −52 11.33218 201 6 E
59072 1998 VV9 41 40 223 30 7.29820 155 20 10 E
59150 1998 XV90 182 −54 355 −48 10.54229 235 9 8 E
59880 1999 RS119 34 54 184 69 3.604130 231 11 8 E
60194 1999 VU43 86 −54 265 −57 8.56094 188 22 20 C
60628 2000 FX24 73 −67 197 −61 53.327 256 12 7 C
60642 2000 FP37 3 −56 181 −53 8.75864 258 7 E
61364 2000 PH20 179 −50 356 −62 59.927 276 7 8 8 E
62468 2000 SA214 197 −26 11.89945 11.971 2 317 11 10 C
63642 2001 QK97 192 −87 56.918 330 21 8 C
64005 2001 SF121 12 −39 194 −54 9.28811 192 12 19 16 E
64292 2001 UF13 141 34 322 43 15.4326 15.438 2 266 13 8 E
64506 2001 VJ76 63 −72 240 −43 4.337107 294 12 9 C
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Table A.1. continued.
Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
64938 2001 YH116 138 −74 317 −72 18.1030 254 10 E
65461 2002 WU12 47 26 10.21178 391 13 12 E
66288 1999 JE20 88 −34 274 −37 11.82657 436 11 7 E
67005 1999 XZ120 73 −59 262 −56 8.32669 167 8 C
67210 2000 DF29 155 53 6.72473 343 7 7 C
67333 2000 HG103 139 −23 311 −31 25.7624 274 25 24 E
68147 2001 AW44 320 −63 5.44099 407 8 E
68262 2001 EW9 11 −56 8.27099 196 10 7 E
68266 2001 ES14 121 41 336 40 39.8480 118 8 7 E
68439 2001 RB104 35 −35 211 −24 7.59213 280 6 6 C
68513 2001 UL167 38 −42 239 −76 5.76099 289 8 7 E
68617 2002 AL159 108 −47 288 −45 12.37150 191 11 C
69740 1998 KK26 86 −46 298 −36 28.4570 147 11 6 E
70038 1999 CF80 130 36 5.46337 213 11 9 E
70872 1999 VP157 77 −15 262 1 15.4956 267 7 E
71606 2000 DY101 150 53 348 44 10.75111 218 9 E
71617 2000 EM28 -0 −62 141 −32 3.648047 395 11 7 E
72742 2001 FY108 154 −52 14.04860 310 10 10 E
73614 2229 T-3 119 52 287 24 13.09419 209 6 28 27 E
73757 1994 CH10 71 −53 223 −57 3.894523 325 6 E
74228 1998 SJ15 32 −27 202 −35 10.22798 133 14 8 E
74281 1998 SE126 41 −56 192 −34 8.06472 288 7 6 E
74838 1999 TK34 78 47 267 52 19.4841 206 10 9 E
75088 1999 VV29 97 −52 277 −54 5.74917 348 14 6 C
75281 1999 XF22 139 72 77.024 193 6 E
75653 2000 AG64 256 −42 27.2394 342 8 8 E
76163 2000 EB27 315 −36 23.8598 94 8 E
76176 2000 EK35 70 −29 244 −31 17.0111 188 26 20 E
76516 2000 GX39 27 −64 218 −64 13.80653 121 9 E
76616 2000 GV172 261 −40 16.8740 16.923 2 144 10 E
77594 2001 KQ21 175 −50 356 −54 16.40749 231 8 7 E
78505 2002 RS84 65 45 229 59 28.0544 275 10 6 E
78549 2002 RS126 116 58 298 37 25.0870 189 10 E
78576 2002 RB228 19 −64 187 −54 17.4497 133 9 E
79056 1132 T-3 66 48 238 50 11.02562 11.005 2 150 10 17 13 E
79186 1993 QN 75 −22 232 −31 50.110 168 9 15 15 E
79535 1998 QW23 127 53 330 52 92.785 399 11 8 C
81722 2000 JY34 6 44 209 72 20.8607 319 7 8 C
82007 2000 RU34 145 −41 337 −36 7.17943 147 18 13 E
82032 2000 SQ103 43 −44 203 −60 6.08292 240 12 13 E
82294 2001 KO38 190 73 3.113827 238 18 14 E
82315 2001 KF59 190 −38 22.4031 22.395 2 252 12 6 E
83867 2001 UC77 155 22 347 35 52.353 178 9 9 E
83953 2001 WA97 177 −42 357 −51 12.65515 104 6 E
83973 2002 AS181 46 −14 228 −50 3.845491 296 6 9 8 E
83991 2002 MS1 111 −65 8.24500 116 25 24 E
84367 2002 TL114 69 −79 6.05565 203 14 13 C
84752 2002 XT11 68 −9 245 −28 6.58529 202 10 E
84992 2003 YM100 72 −69 226 −50 3.484818 128 7 E
85362 1995 WR32 1 −51 159 −19 15.72008 165 6 E
86109 1999 RV118 81 −54 293 −51 5.74448 5.745 2 214 12 9 E
86164 1999 RG207 57 −15 241 −26 31.5186 221 11 E
87473 2000 QK137 121 35 293 50 19.0587 121 6 E
87932 2000 SW343 172 13 345 59 13.9859 275 11 10 E
88217 2001 AY28 15 47 240 56 4.099000 125 10 8 E
88462 2001 QM99 48 49 229 30 5.52726 5.6 2 340 10 6 C
88628 2001 RF34 104 −56 5.88242 5.90 3 150 16 9 E
89066 2001 TZ147 124 66 339 58 6.19578 148 6 E
89433 2001 WM41 72 61 245 79 7.77410 295 11 E
89932 2002 EV85 46 46 204 62 11.77157 220 14 14 E
89948 2002 GJ57 134 33 8.86036 8.858 2 205 10 E
91065 1998 FM66 10 −54 170 −48 17.7284 230 19 14 E
92265 2000 BO22 124 41 276 48 20.5273 139 8 E
92729 2000 QX99 38 −64 215 −52 25.6209 157 8 E
92993 2000 RA76 51 −29 222 −55 77.786 322 8 8 E
93028 2000 RF98 36 −35 255 −75 5.15212 308 11 10 E
∗ 96155 1973 HA 5 −44 171 −27 17.6041 15.59 3− 163 7 7 E
96276 1995 VG11 101 42 285 28 13.46601 215 28 17 E
96967 1999 TG189 122 −28 313 −43 10.67939 228 18 14 E
97109 1999 VD79 54 −60 17.0950 139 7 E
98463 2000 UL81 133 −17 10.15655 293 8 12 11 E
98800 2000 YN114 153 39 332 41 14.23574 145 8 E
99028 2001 DC98 126 −70 288 −62 4.97459 170 15 E
99620 2002 GP85 74 −68 238 −64 5.90106 109 7 E
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Table A.1. continued.
Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
99840 2002 NN28 46 44 229 44 9.01580 220 8 E
101537 1998 YX14 33 −57 200 −27 17.0944 186 7 6 E
102390 1999 TP155 76 −13 255 2 53.427 168 16 E
103242 2000 AL3 3 −72 172 −58 5.57192 197 12 8 E
103698 2000 CH77 170 −53 322 −66 7.48719 171 8 8 E
103946 2000 DG72 73 62 258 59 8.48544 125 7 E
104374 2000 FN30 20 43 185 61 11.64349 202 9 9 E
104792 2000 HJ37 199 −28 353 −65 10.83600 88 6 6 E
106563 2000 WR85 290 −52 5.69347 240 11 6 C
107797 2001 FF55 66 −46 255 −19 18.9606 182 18 24 23 E
108475 2001 KH58 67 18 252 37 5.54469 117 12 C
109214 2001 QJ85 118 −49 259 −28 6.81070 224 14 12 C
109909 2001 SR24 25 58 227 37 4.276122 290 9 E
111029 2001 VW19 101 2 270 30 63.104 167 20 15 E
111697 2002 CD15 62 52 255 66 6.72333 95 11 6 E
112356 2002 NY14 121 −36 305 −34 23.5376 163 13 8 E
112915 2002 QC60 296 52 3.246051 65 10 10 E
112953 2002 RF11 97 57 300 66 4.218608 135 6 C
115755 2003 UQ204 40 21 274 60 7.59222 229 15 15 E
116956 2004 HG3 14 −58 156 −50 6.64289 123 11 8 E
∗ 116989 2004 HW42 2 −1 3.405264 56.595 2 167 9 9 C
117108 2004 PU1 92 −66 258 −71 7.56003 99 12 10 E
120796 1998 FF58 75 35 255 39 15.9701 194 10 9 E
121366 1999 TZ65 90 51 261 58 13.46913 212 8 6 E
123693 2000 YQ101 312 −78 7.41107 122 12 10 C
123736 2001 AQ11 89 −42 270 −33 8.15196 189 8 E
123839 2001 CD22 101 39 259 37 11.72224 151 9 6 E
126807 2002 ES39 144 −55 330 −55 5.49350 256 8 8 E
127172 2002 GF154 45 −56 5.09932 5.097 2 179 11 11 E
130005 1999 VE43 105 31 4.014444 95 13 E
130032 1999 VE98 94 58 10.37715 141 7 29 23 E
131043 2000 YU25 107 −40 280 −57 9.31419 138 17 E
131249 2001 FP12 102 −42 278 −44 4.192907 139 11 7 E
131777 2002 AE21 131 −55 311 −60 4.87305 4.872 2 157 9 E
131823 2002 AY97 250 −49 6.77100 179 13 E
133223 2003 QY87 8 −49 195 −44 6.90318 92 19 10 C
134001 2004 VL9 159 −45 324 −32 9.15196 114 6 E
134361 1994 RF 57 22 236 33 8.14758 107 14 11 E
134740 2000 AX187 148 −54 289 −51 7.98646 261 13 12 E
134752 2000 BQ35 64 −66 9.36834 9.441 2 125 6 E
135370 2001 TE133 76 50 290 20 33.6457 163 20 15 C
136514 2005 QT36 35 62 221 45 9.42571 67 7 E
∗ 138352 2000 GS116 84 25 261 −7 5.34007 7.909 2 180 11 E
138636 2000 RJ18 273 −54 8.84693 8.845 2 256 9 7 E
138831 2000 UD68 281 −34 2.286890 132 10 8 E
140416 2001 TF87 249 −63 6.93437 151 19 17 E
140720 2001 UO93 105 14 41.5295 141 34 31 C
143173 2002 XF67 40 −33 3.307149 116 9 C
143913 2003 YF74 108 −42 271 −65 8.69302 82 10 E
143985 2003 YT153 91 −34 248 −47 10.02321 10.019 2 141 13 11 E
147395 2003 EE62 227 −59 357 −73 31.0271 92 10 E
150030 2005 VD60 66 22 247 −1 8.61270 107 8 6 E
153216 2000 YR19 56 84 312 40 41.4211 90 10 C
154852 2004 RE61 114 −45 310 −49 9.21707 9.209 2 113 11 8 E
156691 2002 LR5 90 10 262 57 4.98588 81 6 C
159864 2004 PH50 73 47 268 52 8.41806 72 6 C
163430 2002 RO67 39 81 191 42 13.6398 128 8 7 E
164806 1999 JA110 121 13 300 3 9.01624 102 15 7 E
168241 2006 KD86 112 −73 5.40435 95 9 C
168466 1999 JM112 97 −61 288 −35 13.51291 58 18 15 E
171989 2001 TS203 165 −38 358 −62 9.51712 67 8 C
172984 2006 HK89 302 44 4.67726 89 15 C
174120 2002 JC146 61 48 288 72 34.8838 74 8 E
184953 2005 WL91 91 −45 271 −44 6.09104 173 7 E
186924 2004 PD60 78 25 253 34 23.8134 95 9 6 E
189260 2004 WY8 53 53 263 48 5.99141 98 7 E
193585 2001 BB26 72 −46 274 −43 8.14028 74 9 6 E
196921 2003 TL57 192 51 6.14583 86 12 E
197433 2003 YA80 53 55 227 29 7.00036 100 11 10 E
201115 2002 JX12 16 40 208 56 7.17971 73 6 C
206648 2003 YL9 281 −36 12.2176 91 17 14 E
∗ 222599 2001 XZ14 135 67 322 40 7.39956 5.260 2 118 9 8 E
223302 2003 NH3 169 45 18.1650 109 10 9 E
232888 2004 XG17 38 47 231 58 2.541844 80 7 E
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Table A.1. continued.
Asteroid λ1 β1 λ2 β2 P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [deg] [deg] [h] [h]
236074 2005 JW126 127 26 300 13 3.29050 39 21 11 E
238565 2004 XQ74 120 −63 264 −50 5.46762 79 15 E
240780 2005 SA221 105 50 253 58 6.89216 143 10 E
247164 2000 YL131 76 −22 247 −48 14.2605 121 7 E
248428 2005 SK269 32 −30 224 −55 4.171044 62 6 E
249307 2008 UE77 15 28 236 52 15.9268 82 10 E
306606 2000 LU36 199 −40 345 −69 6.71136 284 11 10 E
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Table A.2. List of new partial models. For each asteroid, we list the mean ecliptic
latitude β of the spin axis, its dispersion ∆, and the meaning of other columns is
the same as in Table A.1.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
133 Cyrene −35 7 12.70858 12.708 3 408 7 8 7 E
251 Sophia −54 10 20.2221 20.216 3 438 20 18 20 20 E
256 Walpurga 59 16 16.66015 16.664 3 480 10 10 8 11 E
∗ 304 Olga 52 18 19.2606 18.36 3 435 12 12 14 E
∗ 426 Hippo −33 17 67.504 34.3 2 366 7 7 7 E
733 Mocia 53 16 11.37618 11.374 3 364 8 9 10 C
919 Ilsebill −53 18 5.03348 5.0325 3 405 12 11 15 15 E
1070 Tunica −58 22 15.5763 15.8 2− 369 6 6 7 7 E
1073 Gellivara −50 15 16.8472 11.32 2 338 11 11 E
1123 Shapleya 57 6 52.867 52.92 3− 406 8 6 C
1172 Aneas −26 19 8.70139 8.705 3 271 8 8 9 8 E
1199 Geldonia −49 10 57.939 28.3 2− 451 9 8 10 10 E
1273 Helma −46 7 6.08648 6.0851 3 431 11 10 14 14 C
1288 Santa −59 18 7.62504 8.28 2 321 7 8 10 10 C
1321 Majuba 58 11 5.22031 5.207 3 385 9 7 E
∗ 1390 Abastumani 6 18 13.16482 17.100 2 417 9 E
∗ 1452 Hunnia 55 14 41.6922 17.2 2 293 9 7 E
1677 Tycho Brahe −59 13 3.856651 3.89 2+ 305 8 8 15 15 C
1732 Heike 52 17 4.741995 4.742 3 329 8 8 16 15 E
1762 Russell 38 14 12.79374 12.797 3− 517 6 E
1763 Williams −63 12 88.030 > 36. 2 347 6 10 9 E
1791 Patsayev −49 10 19.8365 19.809 3 411 6 11 11 E
1809 Prometheus 58 7 22.4611 290 9 8 E
1848 Delvaux −65 5 3.639112 3.637 3 496 6 6 C
1935 Lucerna −53 17 15.86044 278 11 7 E
1966 Tristan 50 17 3.477216 257 10 10 E
1970 Sumeria −54 10 12.01206 237 8 15 21 20 C
1993 Guacolda 50 16 3.584923 242 10 8 E
2004 Lexell −47 12 5.443187 5.4429 3 614 9 11 11 10 E
2021 Poincare 44 10 4.405538 589 11 9 15 14 E
2036 Sheragul 56 6 5.41285 5.4130 3 557 7 6 10 9 C
2058 Roka −53 10 10.08855 10.04 3− 653 7 10 10 E
2081 Sazava −48 6 66.202 603 7 8 8 E
2177 Oliver 56 3 6.10518 6.11 3 635 9 E
2336 Xinjiang −50 15 37.2993 597 8 E
2372 Proskurin −59 10 18.1856 18.184 2 619 9 6 C
2374 Vladvysotskij −46 18 5.41401 5.398 2 462 11 11 E
2445 Blazhko −55 13 3.566024 3.6197 3 448 7 C
2446 Lunacharsky −49 7 3.607447 3.613 3 685 7 7 13 10 E
2459 Spellmann 45 13 6.53344 6.533 2 479 6 6 10 9 E
2478 Tokai 33 22 25.9172 25.885 3 509 9 9 13 13 E
2550 Houssay −39 17 9.78916 503 10 8 14 13 E
2562 Chaliapin −66 10 11.45656 11.45 3 553 6 6 E
2616 Lesya −44 3 9.21760 9.2168 3 700 8 8 E
2644 Victor Jara −60 8 5.37430 665 9 C
2656 Evenkia 55 5 7.08661 7.0847 3 594 11 9 E
2818 Juvenalis −52 5 3.640494 517 9 8 C
2919 Dali 52 9 7.42527 7.43 3 732 6 7 8 8 E
2925 Beatty 44 10 3.661547 3.6612 3− 603 6 E
2939 Coconino 45 16 4.681094 4.68138 3 776 6 E
2947 Kippenhahn 38 23 10.95528 10.430 3− 538 16 12 19 18 E
2993 Wendy −62 17 4.409024 4.456 3 258 7 11 9 E
2997 Cabrera 55 11 5.31070 615 18 16 E
3019 Kulin 57 11 92.577 767 7 6 E
3030 Vehrenberg −41 5 4.813071 4.812 2 531 6 8 11 11 E
3044 Saltykov −49 20 36.9775 479 9 14 14 E
3090 Tjossem −47 16 42.8932 397 12 11 E
3096 Bezruc −50 12 27.3662 445 8 6 E
3109 Machin −51 4 20.2912 20.3 2 663 6 6 6 6 E
3119 Dobronravin −47 12 6.39902 537 8 7 E
3179 Beruti −55 6 5.38261 5.383 2 503 8 7 C
3272 Tillandz 48 16 4.749232 4.74961 3 530 9 7 E
3326 Agafonikov −54 11 8.11801 604 9 8 10 E
3343 Nedzel −58 16 5.463570 5.4620 3 423 13 13 E
3370 Kohsai −54 6 4.903953 4.907 3 495 8 9 12 12 C
3399 Kobzon −54 7 11.57020 641 9 7 E
3401 Vanphilos −52 19 4.225268 4.2261 3 335 7 C
3411 Debetencourt 54 15 9.93753 9.93 3− 505 10 10 20 17 C
3536 Schleicher −56 7 5.80666 5.79 3 419 13 E
3566 Levitan −59 7 5.61403 540 8 7 C
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Table A.2. continued.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
3649 Guillermina −59 6 3.882648 491 8 9 C
3656 Hemingway −56 10 5.63027 5.626 2 607 11 7 E
3700 Geowilliams −55 18 14.38991 14.387 3 466 9 8 11 11 E
3706 Sinnott −58 15 4.037992 4.038 2 593 6 22 20 C
3764 Holmesacourt 42 12 3.275879 591 13 11 E
3772 Piaf 53 8 5.37615 5.376 3 494 10 10 10 E
3775 Ellenbeth 57 10 24.2400 576 7 7 8 8 E
3809 Amici −56 9 5.72352 549 8 12 12 E
3857 Cellino −56 11 3.656529 582 16 15 18 18 E
3877 Braes −64 4 5.81590 486 9 10 12 11 E
3903 Kliment Ohridski 3 4 28.3496 28.09 2− 489 8 7 E
3922 Heather 58 2 5.04447 5.045 2 514 6 6 C
3952 Russellmark 50 4 5.089098 5.090 2 497 10 7 E
4084 Hollis 60 6 4.453823 667 10 10 E
4097 Tsurugisan 54 9 16.0758 559 7 10 9 C
4202 Minitti 51 14 5.07411 639 6 6 E
4262 DeVorkin 46 8 6.16231 489 11 11 E
4325 Guest 39 8 5.30406 524 8 E
4345 Rachmaninoff 49 5 4.484230 723 7 7 E
4359 Berlage −50 7 7.41553 7.413 3 457 7 E
4439 Muroto −35 9 8.31429 443 8 8 E
4458 Oizumi −58 8 11.40650 445 6 6 C
4461 Sayama −54 6 40.7141 40.8 3− 552 11 11 14 13 E
4505 Okamura −50 11 6.66905 6.6687 3 437 6 7 7 E
4515 Khrennikov −59 12 6.08011 518 7 C
4518 Raikin −54 6 9.63607 514 10 7 E
4530 Smoluchowski −53 8 10.13741 602 10 9 E
4559 Strauss 52 20 10.08016 535 6 6 E
4574 Yoshinaka −50 5 7.02736 414 15 8 E
4779 Whitley 49 6 7.31059 679 9 E
4879 Zykina −66 3 13.72856 478 6 10 9 E
4944 Kozlovskij −63 14 3.573028 3.573 2 573 12 15 14 E
4974 Elford −52 18 6.56506 6.5635 3 347 6 11 11 E
5052 Nancyruth −57 16 17.2103 17.204 3 385 6 E
5086 Demin −57 2 13.16422 644 6 11 9 E
5213 Takahashi −48 7 95.977 504 9 7 E
5236 Yoko −57 22 2.769011 2.7692 3− 568 7 6 E
5248 Scardia −64 6 6.04650 638 12 11 C
5304 Bazhenov −62 20 8.93669 599 6 6 7 7 E
5323 Fogh −45 6 15.5570 15.549 2 521 12 10 E
5361 Goncharov −47 8 13.12799 493 8 7 E
5377 Komori −56 4 5.44880 607 8 7 E
5387 Casleo 44 8 4.051486 669 12 7 21 19 E
5406 Jonjoseph −53 8 3.555354 3.555 2 553 18 18 C
5412 Rou −57 5 7.78166 389 7 E
5414 Sokolov 60 10 27.2478 607 8 E
5447 Lallement −49 7 7.64218 432 15 14 C
5449 1992 US5 53 22 3.301050 3.329 2 404 14 12 E
5464 Weller 48 14 3.290513 3.288 3 487 6 6 E
5630 Billschaefer 63 8 69.500 69. 2− 607 14 7 C
5700 Homerus 51 19 4.95518 544 8 13 15 14 E
5754 1992 FR2 −61 9 8.90275 8.9021 3 631 6 6 C
5760 Mittlefehldt −57 7 5.48720 469 12 7 E
5891 Gehrig −52 4 3.572616 3.57 3 411 8 7 E
5925 1994 CP1 −65 9 5.40075 5.4002 3 679 8 7 E
5952 Davemonet −57 6 4.512546 493 7 E
5984 Lysippus 52 13 4.870934 570 17 13 C
6057 Robbia −54 19 5.79971 5.801 2 497 11 9 E
6060 Doudleby −54 14 11.87877 11.878 2 550 6 14 12 E
6066 Hendricks 65 17 5.77911 5.780 2+ 572 9 6 C
6234 Sheilawolfman 49 6 11.78387 11.784 2 547 11 10 E
6279 1977 UO5 −53 7 9.96566 9.964 2 567 6 9 7 E
6304 Josephus Flavius −62 6 6.49119 709 10 C
6360 1978 UA7 62 12 10.60568 483 8 7 11 10 C
6385 Martindavid −60 6 5.47485 5.476 2 561 11 8 E
6420 Riheijyaya −62 9 8.25354 406 10 10 E
6444 Ryuzin −53 9 7.92933 7.9290 3 508 11 10 E
6457 Kremsmunster −52 14 3.867840 526 7 6 C
6469 Armstrong −50 9 6.01686 5.965 2 376 7 E
6479 Leoconnolly −51 5 5.11260 5.11 3 394 8 8 E
6518 Vernon 54 17 4.82158 4.88249 3 325 6 17 18 E
6581 Sobers −49 8 6.63462 6.6338 3 543 8 6 E
6638 1989 CA −44 11 3.877233 664 6 E
6649 Yokotatakao −60 9 7.55878 536 11 9 E
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Table A.2. continued.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
6716 1990 RO1 −53 6 28.1578 536 6 7 7 E
6743 Liu −57 10 7.35550 7.364 3 622 11 8 E
6751 van Genderen 54 6 3.142854 3.143 2 625 10 9 E
6767 Shirvindt 50 21 10.78857 494 18 15 E
6794 Masuisakura −60 9 4.588151 4.58 3 519 7 6 E
6825 Irvine −57 16 3.615903 3.61588 3 618 6 15 13 C
6830 Johnbackus −56 13 4.93137 536 11 10 E
6915 1992 HH −59 13 4.763672 4.76345 3 447 10 10 E
6923 Borzacchini −58 12 6.55174 359 6 6 E
6987 Onioshidashi −41 5 35.6657 507 10 10 E
7166 Kennedy −46 8 3.659227 3.659 2 530 23 9 E
7182 Robinvaughan 47 15 8.81110 350 13 13 E
7264 Hirohatanaka −61 18 97.812 449 8 E
7285 Seggewiss −47 18 3.459936 3.460 3 583 6 7 E
7304 Namiki −46 13 8.87383 8.8712 3 382 8 E
7321 1979 MZ2 −62 7 82.295 83.177 2 527 8 E
7403 Choustnik 53 19 4.530261 353 8 7 E
7445 Trajanus 39 4 6.10802 503 8 E
7505 Furusho −55 8 4.139775 4.14 3 552 7 13 11 E
7531 Pecorelli 24 16 3.339581 3.339 2 553 9 6 E
7535 1995 WU2 −58 25 4.589353 559 9 8 E
7590 Aterui 50 14 5.58993 448 8 10 17 13 C
7652 1991 RL5 55 17 5.251978 408 16 13 E
7690 Sackler −57 21 7.76925 487 7 9 9 E
7732 1978 VE9 56 4 3.396852 749 9 6 E
7755 Haute-Provence 61 5 7.07529 705 11 11 E
7785 1994 QW −45 10 82.484 425 8 6 E
7811 Zhaojiuzhang 51 17 3.355703 3.354 2 404 8 7 E
7899 Joya −47 17 85.658 566 11 6 E
7927 1986 WV1 −62 4 7.18979 464 7 6 E
8044 Tsuchiyama −62 13 8.82006 470 9 10 9 E
8085 1989 CD8 48 10 7.76224 7.75 2 355 15 13 E
8108 Wieland 37 12 28.5696 557 11 11 E
8157 1988 XG2 47 9 8.51876 495 9 8 E
8181 Rossini −50 19 13.25550 13.253 2 656 12 10 E
8223 Bradshaw 66 10 9.40628 9.408 2 483 6 8 14 12 E
8250 Cornell 47 22 7.04109 384 9 8 E
8281 1991 PC18 −61 10 12.65389 12.635 2 530 9 11 10 E
8354 1989 RF 51 1 8.31526 8.298 2 580 10 10 C
8409 Valentaugustus 56 9 7.36573 482 13 12 E
8654 1990 KC1 −57 15 6.94119 334 7 8 10 10 E
8656 Cupressus 51 6 9.50117 490 10 9 E
8661 Ratzinger −22 25 4.301035 475 11 10 E
8830 1988 VZ 61 23 7.16038 532 7 E
8880 1993 FT33 54 14 3.700931 511 6 6 E
8887 Scheeres 47 10 2.983903 2.9827 3 506 19 7 27 28 E
8908 1995 WY6 −48 19 3.462382 3.026 2 576 10 8 E
8916 1996 CC −51 20 6.01055 332 15 15 E
8969 Alexandrinus 61 7 4.690237 534 10 7 E
8986 Kineyayasuyo −62 6 4.682167 546 10 7 C
9028 Konradbenes 49 13 3.711361 483 11 9 E
9091 Ishidatakaki 52 8 6.58071 10.6 2− 548 7 11 9 E
9204 Morike −54 5 80.483 453 6 E
9364 Clusius 57 8 8.91654 8.9155 3 572 9 13 12 E
9444 1997 JA 48 13 15.30992 698 9 6 E
9582 1990 EL7 −50 25 5.79982 613 6 C
9622 Terryjones 48 5 8.94272 8.938 2 379 12 E
9723 Binyang 55 4 12.38823 12.40 2 578 7 7 E
9734 1986 CB2 57 9 9.29035 508 10 8 C
9770 Discovery −52 10 3.946662 3.947 2 432 18 21 19 E
9782 Edo 51 20 4.056270 4.085 3 685 14 12 E
∗ 9900 Llull −51 13 38.0062 183.319 2 671 10 8 E
9948 1990 QB2 −54 6 3.524769 3.53 3 469 6 E
9980 1995 BQ3 39 21 22.8890 508 8 E
10069 Fontenelle −51 11 20.8392 353 10 10 E
10119 Remarque −62 11 6.81007 6.811 2 507 10 18 18 C
10166 Takarajima −60 7 5.37089 5.3712 3 538 11 7 C
10343 Church −47 15 13.72005 423 7 7 E
10396 1997 SW33 −64 2 15.76400 450 11 11 E
10465 1980 WE5 −59 12 7.44117 7.4403 433 12 12 E
10478 Alsabti −59 17 3.488554 456 18 13 E
10503 1987 SG13 50 12 5.29806 510 8 C
10507 1988 ER1 −38 11 3.729382 578 8 6 E
10631 1998 BM15 55 10 6.17821 568 20 20 E
Article number, page 22 of 30
J. Dˇurech et al.: Asteroid models reconstructed from the Lowell Photometric Database and WISE data
Table A.2. continued.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
10642 Charmaine −39 9 61.831 > 30. 2− 598 7 11 11 E
10705 1981 SL −38 5 3.511233 445 26 17 C
10777 1991 EB5 47 13 5.38321 473 8 E
10784 Noailles −50 18 2.820678 423 11 11 E
10829 Matsuobasho 41 10 5.02581 525 8 12 15 13 E
10854 1995 DO1 −62 7 46.9991 322 11 6 E
10855 1995 DR1 48 6 68.300 424 8 E
10868 1996 RF5 −38 10 80.145 446 7 7 E
10934 Pauldelvaux 58 3 6.29331 633 27 26 E
10936 1998 FN11 45 16 24.5979 25.70 2 328 19 16 E
10995 1978 NS −7 3 15.62716 318 9 6 C
11019 Hansrott −58 11 3.009043 527 8 7 E
11045 1990 HH1 −51 15 3.973296 341 9 E
11099 Sonodamasaki 24 16 7.24714 7.248 1 415 7 10 14 11 C
∗ 11187 Richoliver −50 5 66.315 14.55 2 495 10 7 E
11196 Michanikos 59 6 5.17865 511 8 14 12 E
11209 1999 GP18 −57 7 8.21707 329 6 6 E
11404 Wittig −39 10 13.42557 13.424 2 385 6 6 E
11409 Horkheimer 58 6 10.27274 602 6 12 11 E
11432 Kerkhoven −59 7 19.3609 340 20 18 E
11434 Lohnert 50 15 16.4296 417 9 8 E
11505 1990 DW2 −53 15 5.94920 544 6 6 E
11555 1993 CR1 61 16 3.313259 401 7 E
11705 1998 GN7 23 16 3.718589 3.7187 3 503 8 19 17 E
11742 1999 JZ5 49 17 12.17299 411 11 10 E
11797 Warell −49 16 3.816218 454 11 8 E
11839 1986 QX1 −54 11 15.4350 500 10 8 E
11908 Nicaragua −62 11 4.118827 527 10 9 E
11968 Demariotte −68 7 16.6287 439 10 9 E
12290 1991 LZ 43 12 93.874 21.96 2 412 9 12 10 E
12334 1992 WD3 47 9 11.44027 628 7 12 11 E
12375 1994 NO1 60 8 39.5042 375 11 8 C
∗ 12376 Cochabamba 10 18 7.28150 6.32068 3 431 14 13 24 18 E
12415 Wakatatakayo 50 11 4.359270 4.3606 3 461 9 7 E
12421 Zhenya −53 12 7.70523 385 7 8 7 E
12515 Suiseki 53 17 20.7335 509 14 13 E
12591 1999 RT133 46 7 18.4175 458 12 12 E
12797 1995 WL4 −50 14 8.50897 392 11 11 E
12822 1996 XD1 −35 16 5.11236 562 10 7 E
12908 Yagudina 48 19 12.28394 524 7 C
13236 1998 HF96 −51 13 7.20099 454 6 E
13393 1999 ND9 62 16 5.084686 544 13 10 E
13446 Almarkim 53 10 5.51163 456 7 6 E
13488 Savanov −36 12 5.67941 5.678 2 533 6 11 10 E
13530 Ninnemann −46 16 4.719767 433 12 12 E
13629 1995 WD2 −54 6 6.91630 387 9 E
13836 1999 XF24 −47 11 4.856946 394 15 7 E
13964 La Billardiere 61 3 6.23621 419 8 9 E
14046 Keikai −56 6 7.74604 319 10 E
14095 1997 PE2 −29 19 19.6687 19.532 2 457 12 12 15 15 E
14128 1998 QX92 −50 10 4.457755 481 13 8 E
14260 2000 AF119 58 14 3.825760 422 9 8 C
14420 Massey 65 17 4.075465 370 9 9 E
14425 Fujimimachi −55 5 20.7775 626 8 9 12 11 C
14523 1997 GV21 1 16 7.63597 455 9 E
14541 1997 SF −56 13 7.69532 180 12 8 C
14578 1998 QO93 −47 19 38.2600 476 12 10 E
14666 1999 CG17 52 15 5.46153 387 12 11 E
14671 1999 RM49 −60 5 7.58172 7.579 2 418 8 8 E
14739 Edgarchavez −54 13 5.90622 445 15 12 E
14818 Mindeli 58 24 5.279418 582 25 23 E
14822 1984 SR5 −56 21 12.16644 533 13 7 E
14832 Alechinsky −54 9 8.01395 8.07 2+ 331 9 E
14844 1988 VT3 59 5 6.41745 419 15 7 E
14877 Zauberflote 63 17 4.734214 536 7 6 E
14918 1994 BP4 −50 13 7.55646 7.554 2 412 8 20 13 C
14946 1996 AN2 39 7 5.15783 5.148 2 251 11 E
14974 Pocatky −52 11 21.7299 21.728 2 444 8 E
15014 Annagekker −31 20 27.4682 292 20 15 E
15050 Heddal 59 6 4.769102 4.768 2 383 10 10 E
15062 1999 AL2 52 16 6.81945 6.821 2 328 12 12 E
15125 2000 EZ41 54 2 7.22719 330 9 8 E
15224 Penttila 43 16 4.377107 4.377 3− 471 10 9 E
15387 1997 SQ17 53 14 11.35597 258 9 9 E
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15492 Nyberg −30 23 8.25244 8.256 2 408 8 12 10 E
15549 2000 FN −56 11 55.102 442 9 11 20 12 E
15613 2000 GH136 −53 20 3.418366 3.418 2 463 10 9 E
∗ 15614 Pillinger 42 25 44.3322 39.561 2 360 12 10 E
15710 Bocklin −54 11 7.52272 538 6 7 14 11 E
15782 1993 ON8 −54 5 9.00397 321 16 E
15987 1998 XV10 −49 9 64.700 412 7 6 E
16003 1999 BX2 52 22 19.7891 331 6 6 E
16061 1999 JQ117 −62 13 12.25800 451 8 7 E
16226 Beaton −59 10 9.59127 302 11 10 E
16423 1988 BZ3 57 8 3.304792 3.3048 3 572 7 9 12 10 E
16444 Godefroy 64 14 6.13782 477 8 6 C
16528 Terakado −53 18 23.4004 23.38 2+ 527 8 E
16579 1992 GO 58 23 10.99646 529 6 6 E
16689 Vistula 53 18 4.040915 463 9 9 E
16783 Bychkov −43 19 6.87297 337 12 12 E
16927 1998 FX68 −58 11 33.8781 33.856 3 435 9 8 E
16971 1998 WJ3 45 17 43.1120 437 8 8 E
17000 Medvedev 64 22 6.87830 6.856 2 551 9 7 C
17154 1999 JS121 −58 3 2.891981 749 9 8 E
17161 1999 LQ13 −62 8 7.72216 7.720 2 441 10 10 E
17196 Mastrodemos −60 11 5.271384 355 11 11 E
17323 3284 T-1 49 14 6.21291 361 8 E
17404 1986 TZ3 −60 7 14.04109 464 11 8 C
17407 Teige −50 10 4.82592 397 6 12 10 E
17465 Inawashiroko −42 12 25.1984 490 7 6 E
17589 1995 BR10 −49 11 6.99815 282 8 C
17610 1995 UJ1 −55 10 5.92960 5.93 2 436 8 8 E
17727 1997 YU11 −56 10 3.523620 492 8 6 C
17754 1998 DN8 44 10 12.11500 495 9 9 E
17877 1999 AZ22 43 17 12.55269 550 18 8 E
17893 Arlot 62 15 4.809207 484 11 8 E
17906 1999 FG32 37 12 7.82134 508 13 12 E
17997 1999 JN78 −54 9 5.04624 261 9 9 E
18049 1999 RX195 −53 15 4.096077 443 8 7 E
18092 Reinhold −51 4 18.20644 497 7 E
18187 2000 QQ53 46 1 67.104 550 11 8 E
18196 Rowberry 59 6 49.107 415 15 7 E
18278 Drymas −58 9 28.0818 28.087 2 278 10 10 E
18387 1992 GN3 −64 5 11.83566 317 9 E
18595 1998 BR1 −53 9 6.02033 460 8 21 20 C
18842 1999 RB22 −60 15 9.06861 562 9 9 C
19181 1991 SD1 −51 14 5.12791 350 12 10 E
19389 1998 DD14 54 18 7.41239 7.417 2 353 9 8 E
19489 1998 HL149 −53 11 2.714679 2.714 2 525 11 9 E
19501 1998 KC50 52 18 9.13015 507 6 6 14 14 E
19559 1999 JY80 60 18 6.16874 398 14 14 E
19600 1999 NV41 −54 19 16.3813 458 17 8 E
19698 1999 SR4 51 11 5.380150 5.381 2 546 8 8 E
19757 2000 GK1 −54 15 5.19215 5.192 2 506 7 12 12 E
19798 2000 RP51 −53 13 3.958476 457 8 7 E
19919 Pogorelov 50 22 13.50696 13.511 2 391 10 7 C
20320 1998 GH8 51 19 21.2438 484 7 7 E
20432 1999 BD12 −39 7 22.6422 389 11 22 21 E
20531 Stevebabcock 50 7 22.6199 504 7 7 E
20700 1999 VG145 −50 16 3.706628 319 8 E
20705 1999 WH3 −47 25 16.1953 500 8 9 E
20740 Semery 42 4 7.96507 7.970 2 515 13 12 E
20755 2000 BX6 62 15 13.10973 479 8 8 E
20771 2000 QY150 35 17 8.29981 505 6 6 E
∗ 20842 2000 UG75 48 9 22.0212 3.664 2 223 11 11 E
21024 1989 GD3 −54 15 5.76534 420 14 13 E
21093 1992 EK6 51 1 10.60480 267 11 10 E
21119 1992 UJ −55 14 12.94076 12.886 2 317 9 8 E
21422 Alexacarey 53 14 4.786498 435 8 6 E
21458 Susank 51 16 7.28757 499 7 C
21475 Jasonclain −53 9 5.27240 541 7 E
21489 1998 JU −36 6 7.12324 7.124 2 344 8 6 C
21586 Pourkaviani −53 1 27.0489 663 6 E
21660 Velenia −56 9 15.05024 263 10 9 E
∗ 21666 1999 RW1 57 4 7.09383 7.493 2 322 6 E
21749 1999 RM172 60 14 4.865500 425 12 E
22275 Barentsen −54 15 40.4793 40.424 3 388 11 12 C
22667 1998 QA26 54 4 6.27055 474 7 E
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22733 1998 SN132 −59 15 10.76981 335 8 6 E
22752 1998 VS34 −51 8 5.87373 270 8 E
23166 Bilal 36 17 19.9893 325 7 6 E
23177 2000 JD58 53 13 4.383858 4.3819 3 531 8 E
23436 Alekfursenko 54 15 3.627672 3.628 2 402 12 10 E
23440 1986 QH1 58 16 14.33721 336 7 7 E
23443 Kikwaya −56 17 5.151741 342 7 22 20 E
23459 1989 ST4 −56 16 4.207035 397 11 10 E
23547 Tognelli −45 7 5.79916 5.798 2 470 10 9 E
23780 1998 QT10 47 18 9.55043 230 6 E
23902 1998 SN64 −37 5 3.635316 3.636 2 528 7 13 11 C
23948 1998 UQ18 −60 14 5.668437 5.675 2 622 9 8 E
23967 1998 XQ12 −34 19 5.47479 389 6 6 E
24192 1999 XM30 52 12 19.9153 19.9 2+ 329 12 15 14 E
24314 2000 AQ2 56 16 12.90256 458 7 6 E
24404 2000 AB194 −58 18 3.720686 3.721 2 445 6 6 E
24427 2000 CN21 29 21 13.82376 386 8 13 13 E
24611 Svetochka 56 11 23.1328 425 9 C
24613 1978 VL3 59 5 7.82599 439 7 E
24681 Granados −57 4 7.62529 452 9 6 E
24703 1991 PA −53 14 6.77589 267 6 C
25122 Kaitlingus 56 3 6.25217 409 7 E
25173 1998 SN71 −3 13 2.470317 431 8 6 C
25199 Jiahegu 61 7 8.33716 345 15 12 E
25300 Andyromine −31 25 21.4655 279 10 6 E
25329 1999 JO84 −62 19 34.9603 416 7 E
25385 1999 UC3 53 8 31.7790 201 9 7 E
25503 1999 XW93 −57 12 7.51579 350 9 7 C
25525 1999 XM113 −44 11 12.64230 417 18 9 E
25572 1999 XJ197 −65 12 5.58825 342 7 C
25589 1999 XY231 51 21 5.37592 359 7 6 E
25620 Jayaprakash 54 5 7.01200 409 9 6 E
25804 2000 CC89 49 3 8.74095 331 7 7 E
25843 2000 EQ84 −54 11 9.70248 399 10 9 E
25922 2001 DY21 −48 19 5.86523 318 8 6 E
∗ 25934 2001 DC74 57 6 31.8226 19.1 2 369 6 9 11 11 E
25983 2001 FR57 48 20 28.6720 423 6 6 E
26356 Aventini −46 10 19.4433 361 7 E
26410 1999 XZ34 39 17 5.62007 5.619 2 345 6 6 E
26481 2000 AS200 55 17 4.170573 471 7 E
26582 2000 EV107 −43 14 5.01409 471 8 7 15 14 E
26912 1996 JG1 34 21 14.02984 14.031 2 419 8 10 14 13 E
27172 1999 AN34 −55 18 9.89031 9.890 2 395 12 9 E
27229 1999 JX37 −49 23 9.77540 372 14 13 E
27303 Leitner −46 6 38.4666 38.541 2 382 8 6 E
27360 2000 DH107 −59 8 11.20759 11.199 2 375 8 8 C
27443 2000 FH49 −51 16 5.30523 298 9 9 E
27797 1993 FQ17 −57 11 5.60246 253 9 E
27835 1994 PZ13 49 21 88.947 298 11 7 E
27893 1996 HK25 48 6 45.8946 379 11 9 E
27903 1996 RS11 60 13 4.056373 287 7 6 E
27938 Guislain −46 14 27.3868 365 14 14 E
28059 Kiliaan −55 24 3.437795 544 9 8 E
28130 Troemper 56 5 74.869 340 17 7 C
28324 Davidcampeau −54 22 10.77855 383 17 E
28328 1999 CN125 −46 21 4.345279 415 13 12 E
28371 1999 GG39 −61 11 4.062305 4.056 2 476 7 6 E
28594 2000 EF134 53 8 28.9985 416 6 12 11 E
28763 2000 HK13 −62 6 35.1458 444 10 10 E
29170 1990 OA3 −49 16 8.08758 8.089 2 353 9 8 E
29292 Conniewalker 34 19 28.1618 30.6 3− 373 10 8 E
29317 1994 PR9 54 16 31.4016 227 17 13 E
29450 Tomohiroohno −49 6 8.97841 499 6 16 13 E
29487 1997 VU8 −42 16 3.059060 390 8 7 E
29762 Panasiewicz −42 9 13.11064 13.106 2 448 6 E
29820 1999 CW149 −58 5 49.4811 413 9 8 E
29906 1999 HF12 −48 19 13.61084 331 16 15 E
30221 LeDonne 52 12 41.0563 303 12 8 E
30307 Marcelriesz 54 22 6.51171 478 21 17 E
30517 2001 LJ15 −60 12 7.41229 383 9 8 E
30657 3258 T-1 51 11 8.36123 487 6 E
30670 1283 T-2 62 5 10.11682 10.4 2 300 6 6 E
30734 1981 ES3 51 16 3.776843 3.776 2 291 11 11 E
31201 1998 AT5 43 17 7.08206 327 8 6 E
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31239 Michaeljames 54 13 2.980232 296 11 10 E
31430 1999 BX8 −51 14 54.870 436 15 9 E
31459 1999 CB17 59 14 22.4134 528 8 8 13 10 C
31587 1999 FQ32 −51 11 9.93292 232 7 E
31604 1999 GH4 −56 4 13.10092 397 16 E
31610 1999 GC6 54 21 5.50414 5.506 2 367 10 8 C
31648 1999 GL53 −51 25 3.474186 3.475 2 428 9 8 E
31710 1999 JC52 49 2 6.89750 291 13 E
31755 1999 JA96 −54 16 17.8605 417 7 C
31975 Johndean −44 17 5.77116 469 10 E
32227 2000 OM25 −57 12 69.579 315 11 8 E
32366 2000 QA142 −54 16 5.40165 449 17 12 E
32400 2000 QK220 −57 13 6.57818 127 6 6 E
32588 2001 QD124 −35 7 27.4754 142 6 9 7 E
32858 Kitakamigawa 60 3 4.008341 321 14 6 E
33131 1998 CW3 −55 17 8.34994 371 8 6 E
33476 1999 FV54 −57 9 6.74189 417 12 10 C
33489 1999 GF9 −60 15 6.75103 6.74 3− 373 12 9 C
33535 1999 HS9 −58 6 6.08403 332 6 12 8 E
33666 1999 JO94 −44 7 11.78290 148 28 27 E
33913 2000 LK14 3 16 4.93124 325 13 13 E
34095 2000 PW11 −49 20 4.598176 4.598 2 381 10 E
34368 2000 RA41 62 11 8.88082 323 10 9 E
∗ 34384 2000 RW61 59 7 3.694171 4.003 2 499 15 13 E
34499 2000 SL150 53 18 9.02586 279 9 9 E
34529 2000 SD212 −54 24 3.574467 3.71 3− 344 10 7 E
34956 1327 T-2 −45 6 12.45949 310 22 16 E
35447 1998 CW2 −53 5 5.30621 470 6 C
36158 1999 RL216 −61 14 8.79596 247 9 7 C
36200 1999 TA97 58 14 5.63664 374 11 10 C
36232 1999 US26 −57 4 22.5974 362 10 8 E
36461 2000 QC9 −63 4 10.38832 263 10 7 E
37018 2000 TE60 54 19 47.623 251 7 E
37035 2000 UQ10 −56 6 9.05947 255 7 6 E
37265 2000 XT17 −56 23 7.63811 261 11 10 E
37351 2001 TE36 −57 18 12.71947 24. 1+ 369 12 9 E
37393 2001 XF24 −51 14 10.04107 437 6 7 29 21 E
37882 1998 FE49 −49 24 6.02209 6.021 2 247 13 6 C
38456 1999 TO6 57 12 8.04713 426 7 8 E
38761 2000 RH3 −37 22 6.04882 312 8 6 E
39072 2000 VM17 −61 5 45.0117 324 7 6 E
39091 2000 VX54 −28 2 14.21810 348 6 10 9 E
39510 1982 DU −49 21 15.5822 294 8 8 E
39543 Aubriet −49 9 8.06554 433 6 7 10 9 C
39555 1992 EY32 −51 20 20.8472 183 9 7 E
39863 1998 DL15 −60 24 9.04880 464 12 E
39886 1998 EL12 −57 8 3.530461 400 10 10 C
39910 1998 FJ37 29 18 4.922023 416 20 18 C
40131 1998 QJ48 39 5 6.79377 494 7 7 E
40353 1999 NB13 −66 5 6.05433 359 7 E
40397 1999 NY55 −61 22 76.166 292 12 11 E
40642 1999 RW181 −50 5 4.856372 269 6 E
40701 1999 RG235 −54 9 3.621524 3.63 3− 216 6 E
40734 1999 SB19 −56 13 6.61769 250 11 11 E
40832 1999 TH95 −52 12 14.84511 188 9 7 E
41005 1999 UJ13 −42 4 5.55011 5.55 3− 278 17 15 E
41051 1999 VR10 −55 8 4.066510 4.04 2+ 372 11 9 E
41056 1999 VX20 −62 21 5.99719 262 6 E
41354 2000 AW33 −54 17 16.9963 389 13 12 E
41358 2000 AJ54 57 9 4.89657 4.891 2 439 9 8 C
41404 2000 AG187 −56 13 61.538 377 8 C
41799 2000 WL19 51 11 6.27776 229 10 10 E
41875 2000 WZ100 −55 7 12.87363 255 9 7 E
41964 2000 XW36 −57 17 15.4682 15.480 2 348 13 12 E
42264 2001 QZ30 −44 21 9.76370 9.77 2 504 8 8 E
∗ 42265 2001 QL69 61 7 6.45405 8.6 2 395 16 6 E
∗ 42496 1991 XB1 −16 15 9.91536 4.612 2 293 13 13 E
42695 1998 KM54 53 12 16.1063 16.058 2 190 10 E
42714 1998 QW38 54 5 9.59611 202 7 E
43153 1999 XC118 −57 21 3.463976 300 10 9 E
43218 2000 AE143 −51 15 3.464356 416 13 13 E
43484 2001 BF43 −44 11 84.287 264 9 E
43775 Tiepolo −42 18 8.42050 280 11 11 E
44400 1998 ST97 −54 8 10.55977 10.522 2 225 9 E
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45410 2000 AA144 −47 16 7.48192 369 8 6 E
45466 2000 AZ201 −65 4 7.58673 410 11 10 E
45510 2000 BB23 −58 19 27.4299 27.461 2 316 9 6 E
45553 2000 CO48 −59 22 3.515815 3.516 2 385 8 C
45632 2000 DS106 −49 12 7.01335 291 12 11 E
46286 2001 KR37 −40 12 7.93385 265 8 E
46936 1998 SN67 −53 16 6.72333 275 11 10 E
47061 1998 XZ43 −57 15 7.46888 351 17 7 E
47116 1999 CL64 50 13 19.7240 19.712 2 285 20 10 E
47153 1999 RD132 −54 22 7.61087 306 6 E
47242 1999 VY50 −52 13 4.79133 337 8 E
47256 1999 VA72 −59 6 13.34779 230 6 E
47343 1999 XL45 −55 4 9.19636 271 11 E
47798 2000 EP45 59 13 6.84466 6.840 2 380 18 15 E
47832 2000 EC113 −62 15 4.971162 277 14 13 E
47841 2000 EO121 −51 11 2.886674 2.887 2 563 20 16 E
47858 2000 EB158 −57 8 6.71729 6.715 2 277 17 15 E
47911 2000 GT76 −59 11 5.68412 5.686 2 382 15 9 E
48196 2001 JU1 53 12 9.69035 483 14 8 E
48543 1993 TJ14 −51 6 6.56127 370 6 C
48823 1997 WN36 56 24 8.86506 300 12 12 E
48997 1998 QT51 −60 24 6.55436 391 6 E
49513 1999 CK28 41 17 29.2137 348 6 E
49577 1999 CB124 39 19 17.5523 257 9 8 E
49591 1999 DO2 53 18 5.09173 498 13 15 15 E
49607 1999 FC28 66 8 42.1690 42.133 2 392 10 9 E
49628 1999 GV16 −59 10 3.567980 386 6 6 C
49629 1999 GF20 48 23 14.54127 399 32 30 E
50285 2000 CB25 −55 8 8.39345 227 14 20 18 E
50381 2000 CG89 −54 15 9.65990 9.657 2 444 14 10 E
50694 2000 EM124 56 7 3.988200 3.962 2 445 7 C
50769 2000 FH3 −56 16 8.44545 210 12 11 E
50774 2000 FK12 −54 13 5.36532 291 9 E
51042 2000 GJ134 −47 1 5.02896 359 12 11 E
51369 2000 WD158 20 14 11.20539 391 8 8 E
51472 2001 FU53 52 11 4.503525 383 9 12 11 E
51656 2001 JD −46 16 11.90921 11.908 2 335 15 14 E
51894 2001 QU26 −52 5 21.9278 323 19 11 E
52076 2002 RE29 −58 19 6.26154 239 6 6 E
52624 1997 VW8 48 8 6.19341 229 15 14 E
52741 1998 HW116 −62 17 7.24709 319 6 E
52844 1998 RB66 59 15 4.832832 399 12 9 E
53185 1999 CZ44 48 20 8.32895 492 15 13 E
53186 1999 CB45 −58 17 13.20487 13.191 2 390 30 24 E
53476 2000 AQ49 −49 11 6.05506 237 9 E
53799 2000 EP118 −54 18 7.31407 283 6 9 7 E
53802 2000 EQ120 52 8 75.566 344 6 11 10 E
53975 2000 GA68 −50 11 7.25263 227 9 E
54058 2000 GG134 41 20 8.19137 299 9 7 E
54155 2000 HR46 49 7 14.56830 167 9 8 E
54222 2000 JF −44 10 5.49198 5.487 2 370 8 E
54432 2000 LG31 −60 17 7.09475 7.11 2 342 10 7 E
54445 2000 MW5 57 24 5.29060 5.288 2 373 10 6 E
54503 2000 OV53 −52 20 8.45185 162 9 9 E
54606 2000 RA28 56 19 5.07570 370 8 8 E
54674 2000 XN4 39 10 20.2529 219 19 18 E
54809 2001 MN24 50 20 10.10544 190 16 12 E
55987 1998 SO27 −58 25 43.6580 249 12 E
56460 2000 GE96 −60 12 5.22140 300 17 8 E
56589 2000 JH33 53 14 4.450598 297 6 15 15 E
56950 2000 SA2 −59 7 4.89149 285 11 18 11 C
57304 2001 QV198 60 13 7.04651 235 17 E
57359 Robcrawford −57 22 5.73448 313 12 14 14 14 E
57860 2001 XS214 −48 14 12.91845 12.923 2 351 6 10 8 E
57994 2002 RR86 57 10 6.88070 158 11 10 E
58319 1994 PZ37 60 20 73.045 117 11 11 E
58540 1997 ET17 −51 4 4.570972 4.509 2 443 8 E
58854 1998 HV87 −52 25 4.95370 4.954 2 275 7 6 E
59108 1998 WG27 −60 10 8.37022 329 17 13 E
59230 1999 CY −53 8 45.4919 395 6 11 8 E
59313 1999 CF88 54 17 10.61225 355 12 10 E
59473 1999 HT1 −53 7 7.43277 336 7 7 E
59570 1999 JX48 −62 7 7.83102 350 13 E
59920 1999 RO162 58 18 4.368980 399 10 10 E
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60362 2000 AU103 57 17 3.991475 328 12 8 E
60531 2000 EF50 38 22 8.61225 188 9 10 9 E
61469 2000 QJ35 −50 13 40.4448 271 9 13 12 E
61602 2000 QB92 50 9 23.8129 269 8 7 E
62008 2000 RR39 −63 12 5.58611 385 8 6 C
62112 2000 RM99 −43 14 7.03625 7.038 2 283 11 7 E
62383 2000 SS156 55 19 44.4885 258 8 E
62396 2000 SE170 −50 17 4.240958 327 10 E
62550 2000 SM263 −57 6 24.9799 194 8 7 E
62641 2000 SZ358 54 13 6.55243 198 11 E
63157 2000 YL2 −52 6 63.568 400 6 7 23 21 C
63977 2001 SQ79 55 11 9.96639 227 11 9 E
64588 2001 XX3 −61 20 5.82971 5.8288 3 290 14 13 E
64599 2001 XD19 −56 7 9.89378 312 12 E
65307 2002 JD64 −56 4 15.74956 246 7 E
65441 2002 TF291 −54 21 7.10432 247 16 7 E
65453 2002 VJ68 −56 14 6.70497 219 10 7 E
65638 1981 DN1 −45 17 8.68373 422 14 E
65713 1992 UQ1 −49 7 15.11168 304 9 6 E
66451 1999 OS2 −49 21 3.345612 291 7 C
67117 2000 AA117 −60 4 70.564 258 17 E
67186 2000 CF25 50 4 5.55259 188 10 7 E
67298 2000 GD91 −7 4 7.68481 7.685 2 174 13 E
67324 2000 HC69 −38 14 7.78982 162 14 6 E
68436 2001 RC85 42 10 8.42749 157 9 E
68719 Jangyeongsil −58 9 61.336 163 15 6 E
69075 2003 AZ52 60 15 10.88813 174 7 E
69168 3515 P-L −54 9 4.527668 157 7 7 E
69267 1988 RO6 51 15 6.44372 566 8 6 E
69971 Tanzi 23 12 32.5823 252 9 9 E
70042 1999 CZ122 −57 16 9.34364 282 7 6 E
70957 1999 XQ5 9 18 7.51103 147 20 16 E
70973 1999 XY20 −61 24 13.28886 438 14 E
71027 1999 XS62 −62 4 14.43339 99 12 E
71136 1999 XV178 54 20 68.985 181 10 10 E
71256 2000 AV16 55 19 34.1474 294 13 11 E
71295 2000 AG59 −51 20 7.46045 196 11 E
71368 2000 AX137 55 6 4.662272 339 9 9 E
72388 2001 CC16 −61 18 4.565042 152 20 13 C
72409 2001 CV27 −55 12 4.457836 264 14 E
72622 2001 FE26 −50 5 10.38380 268 6 E
72682 2001 FV63 58 11 3.765570 224 10 7 E
73442 Feruglio −54 10 8.56036 207 10 9 E
73511 Lovas 51 20 4.73814 159 23 23 E
73692 Gurtler 46 12 6.42306 149 6 E
73695 1991 RL17 58 6 6.07245 329 15 11 E
74569 1999 NR7 44 3 4.872449 342 12 E
75364 1999 XZ74 54 5 33.5698 33.567 2 333 9 11 10 E
76293 2000 EV127 −54 11 8.87449 312 12 8 E
76674 2000 HC58 −50 6 6.77410 6.774 2 206 12 11 E
77086 2001 DB36 55 6 7.00072 275 10 E
77694 2001 NT18 −64 18 6.86406 6.862 2 258 7 E
78283 2002 PR42 −58 7 20.0564 293 12 12 E
78418 2002 QH38 −51 5 8.56669 176 6 E
78656 2002 TL73 −61 19 8.01826 8.023 2 175 8 8 E
78673 2002 TP114 44 10 4.911566 4.911 2 160 7 E
79733 1998 SU134 −52 11 8.38756 237 10 7 E
79895 1999 BF5 −52 9 10.50841 333 12 10 E
80003 1999 FW50 −45 10 4.82302 354 7 6 E
80051 1999 JO56 56 19 5.63224 188 17 14 E
80956 2000 DV101 −36 24 11.11358 148 14 13 E
81628 2000 HF76 56 11 5.07644 5.077 2 238 10 14 12 E
81895 2000 LP31 42 20 15.6030 274 21 20 E
82055 2000 TY40 39 23 13.57226 182 13 12 E
82685 2001 PG33 −50 15 12.41845 159 11 E
83723 2001 TN98 −47 24 29.3891 234 14 E
83939 2001 VX105 59 13 8.77974 161 9 7 E
84902 Porrentruy −48 4 8.28926 258 12 11 E
85190 Birgitroth −54 2 20.8957 198 7 E
85828 1998 XN53 −57 3 12.27879 300 19 E
86519 2000 DM68 40 17 5.50496 5.504 2 185 7 E
86696 2000 FO49 −51 15 4.86947 4.87 2 250 14 6 E
87806 2000 SR140 −53 13 6.54342 6.49 2 164 6 E
88500 2001 QZ138 −54 9 5.11358 234 8 8 E
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Table A.2. continued.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
89884 2002 CS226 −59 17 8.29081 119 9 6 E
90227 2003 BM19 59 20 6.42921 176 7 E
90431 2004 BY55 −53 21 12.30569 12.296 2 137 19 E
91139 1998 KL47 −48 18 5.84686 5.834 2 311 25 18 E
91186 1998 RO66 −60 12 6.87970 275 8 E
91533 1999 RY199 58 17 3.854345 3.85 2 258 19 16 C
91943 1999 VA64 59 11 4.79640 316 7 7 E
92124 1999 XE104 −53 3 10.84059 182 10 E
93004 2000 RB86 −58 25 5.43301 273 9 6 C
93640 2000 UU86 −57 17 24.6819 111 10 E
93679 2000 VO11 −53 22 8.99911 249 8 8 E
93832 2000 WU77 −53 15 6.61439 188 11 9 E
94117 2000 YE102 61 23 6.81793 143 8 E
95146 2002 AV165 −1 23 32.4759 304 13 E
95498 2002 EG35 −58 20 25.0006 175 13 10 E
97564 2000 DM88 34 20 9.33586 193 9 8 E
97600 2000 EY65 −46 11 9.55334 123 7 E
97730 2000 GA169 −50 20 4.66032 115 13 13 E
98916 2001 BU68 −52 14 3.584884 234 8 C
99053 2001 EU15 −55 12 20.4073 105 12 9 E
99760 2002 JN100 −60 14 7.47784 7.475 2 147 9 9 E
100784 1998 FM61 60 5 4.302184 4.301 2 291 15 11 E
100815 1998 FQ125 61 18 5.32866 211 9 7 E
101251 1998 SE92 −49 13 9.46252 116 14 12 E
101595 1999 BJ26 30 20 17.15708 160 8 E
101636 1999 CO42 −45 12 8.24356 163 14 7 E
101685 1999 CA114 57 15 4.574506 241 13 11 E
103705 2000 CW82 −47 11 5.29618 293 13 E
105823 2000 SF143 49 23 6.48938 132 8 7 E
105978 2000 SJ266 55 10 3.857700 131 10 8 E
106685 2000 WE156 −61 19 63.123 190 6 E
106714 2000 WZ173 54 16 10.06645 128 9 E
106908 2000 YX48 −60 7 6.68336 176 18 25 22 E
107858 2001 FB79 57 15 11.82106 78 10 7 E
107910 2001 FT99 −44 14 13.06788 304 7 E
108228 2001 HN37 −58 20 17.7379 152 18 16 E
108365 2001 KU15 −33 24 5.11350 5.114 2 222 16 E
109400 2001 QY179 −58 22 5.05910 205 13 E
111300 2001 XZ56 −52 21 4.76168 190 12 9 E
112441 2002 OL3 −58 11 7.37181 7.378 2 222 14 10 E
114885 2003 QG16 −58 19 3.951822 229 13 13 E
115577 2003 UO88 −60 16 4.86444 115 12 E
116376 2003 YF113 −49 18 21.1813 99 13 14 E
116380 2003 YU116 54 10 14.64507 118 6 6 E
116563 2004 BO83 −60 15 7.83884 364 13 E
117149 2004 PW103 −54 10 20.5764 184 11 7 E
117324 2004 WW4 57 9 30.3209 30.256 2 190 8 E
117539 Celletti 58 15 8.96342 132 6 E
118625 2000 HF28 −38 22 4.733017 4.733 2 183 13 E
118644 2000 JR5 −51 11 10.97807 74 6 E
118890 2000 UM41 −36 22 10.90763 188 7 E
120334 2004 OS12 49 8 4.883120 124 8 7 E
121608 Mikemoreau −49 8 24.7642 24.797 2 218 7 E
124044 2001 FB141 −53 6 16.3965 156 6 13 12 E
124901 2001 TE52 −54 15 7.51768 168 14 E
125648 2001 XS66 −18 16 7.58109 172 6 C
129764 1999 GK25 −56 7 3.881270 183 19 38 27 C
130281 2000 EM −49 6 14.2919 78 7 7 E
130319 Danielpelham 59 14 7.39637 86 6 E
130412 2000 OT45 50 10 23.5943 221 10 E
130467 2000 QO78 34 6 16.52468 237 6 E
133692 2003 UN217 50 20 15.7945 84 7 E
134108 2004 XP158 58 4 8.45516 149 6 E
∗ 135164 2001 QH248 53 21 20.8787 4.035 2 165 7 6 E
135414 2001 UP24 −45 24 13.8910 164 12 E
136317 2004 BO57 17 15 55.384 55.803 2 150 16 E
136769 1996 OD −46 16 6.80216 80 8 E
138479 2000 KU2 −49 21 6.33908 150 11 11 E
138577 2000 QX122 −34 22 48.411 165 14 11 E
139922 2001 RV123 −55 4 5.87658 211 9 E
140506 2001 TJ163 −30 11 27.1331 87 9 E
141002 2001 WY30 −53 10 6.39745 135 6 E
142460 2002 TJ6 −44 15 18.0439 134 13 6 E
142960 2002 VJ79 59 17 5.34492 144 10 6 E
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Table A.2. continued.
Asteroid β ∆ P PLCDB U N W1 W2 W3 W4 method
number name/designation [deg] [deg] [h] [h]
143183 2002 XE77 −52 14 25.2486 169 9 29 27 E
144806 2004 HC61 −53 6 71.958 95 9 6 E
147344 2003 BK67 64 9 5.18587 129 9 E
152291 2005 TD24 −56 2 6.50572 103 7 E
158093 2000 WT89 −49 22 5.28095 70 8 E
159919 2004 XU163 47 25 3.993503 188 11 11 E
161301 2003 MH1 59 20 4.58683 103 15 15 E
162156 1999 BU28 −59 19 2.403865 73 10 E
163627 2002 UB7 54 22 7.24848 103 9 E
164131 2003 YL43 −53 4 20.6268 17.14 1 148 9 6 E
164573 2006 KK122 16 25 36.4048 93 17 6 E
167857 2005 EE10 19 15 20.3148 106 16 15 E
168062 2006 BB266 50 11 12.07370 137 10 E
171239 2005 KO10 55 11 21.1895 84 7 E
∗ 173515 2000 UY79 52 16 5.34721 17.784 2 131 7 E
179530 2002 CA196 55 16 9.61289 76 8 7 E
182476 2001 SD116 −55 12 5.86414 116 6 6 E
186109 2001 TH80 48 16 4.218891 4.220 2 231 12 11 E
188101 2001 YQ66 40 24 5.64836 96 14 12 E
192136 2006 DS160 −47 15 8.34054 48 10 E
195324 2002 EO123 50 7 5.34281 68 6 E
195664 2002 OM −50 18 10.02050 85 12 11 E
197520 2004 DP10 43 14 9.43268 93 7 E
198549 2004 XB133 44 13 6.65894 99 19 E
199206 2006 AN19 −22 12 5.55706 94 9 E
202574 2006 FD14 −38 22 4.73956 65 6 E
203873 2002 XR41 −58 17 5.60872 67 8 E
204890 2007 TR305 39 6 20.3747 98 8 E
209015 2003 CT13 −57 20 6.10736 69 10 9 E
213276 2001 OD45 58 21 18.9562 85 10 9 E
216209 2006 UA61 −53 21 6.50916 109 17 16 E
218863 2006 WO127 −48 16 3.274928 124 10 10 21 9 E
225974 2002 CG160 −49 4 5.72761 48 8 E
226051 2002 GC113 −52 14 2.946893 51 7 E
226214 2002 VV58 25 19 8.74017 64 9 14 10 E
230229 2001 TH199 51 17 6.04890 57 7 E
232360 2002 XB67 60 23 10.15270 77 9 E
232944 2005 CL34 −55 24 9.92389 65 10 6 E
236504 2006 GC31 62 8 8.98467 48 8 E
236635 2006 KS33 63 6 5.51188 104 7 E
238676 2005 EC193 64 8 8.52647 63 9 6 E
242912 2006 MM11 52 11 11.91368 47 8 E
243029 2006 UF261 56 16 8.48089 77 7 E
243370 2008 WA112 51 8 19.3603 48 14 E
249801 2000 YS93 −49 10 11.44319 108 7 E
250248 2003 AY45 52 12 8.26198 133 9 E
250843 2005 UL175 −1 21 6.61973 51 11 6 E
252253 2001 QX125 48 20 14.1006 83 9 E
279317 2009 XH1 49 17 4.25276 65 13 12 E
279436 2010 NN112 54 24 4.39273 51 11 E
280694 2005 FX4 −57 13 9.80455 75 10 10 E
284895 2009 SW168 23 15 8.76281 38 9 8 E
289664 2005 GV127 −61 14 4.204315 59 8 E
Article number, page 30 of 30
